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Abstract. The authors make a short presentation of antipsychotics’ mechanisms consecutive to the
interaction with receptors of the neurotransmission systems, respectively the meso-cortico-limbic dop-
aminergic system, the serotoninergic, glutamatergic, cholinergic systems and so on. Hence, a brief review
is performed by means of the pharmacological proofs of schizophrenia pathogenic theories.

Another of the regarded domains addresses the etio-pathogenic aspects of schizophrenia as background
for potential pharmacologic targets — the genetic component and the impact of factors which disrupt
the neurodevelopment and / or initiated neurodegeneration processes in favorable contexts.

The authors analyze the effects of antipsychotics correlated on various receptor levels with the complex
therapeutic effects on schizophrenia. Existing data show that these effects can either be: 1) the direct
consequence of action on receptor or the indirect outcome of counter-regulations determined in other
neuromediation systems, or 2) these effects can be relatively immediate (a matter of hours - days) or
slowly instated (weeks) or, these effects can not appear at all (resistance to treatment, non-responders
etc.). In this regard, two concepts are brought into discussion: the therapeutic effects with immediate
onset and definition after 2-3 weeks and the slow effects, sharpened up after around one month and
either defined or not after a few months.

Another type of reasonings are also brought into discussion: the slow and late effects of antidepressants,
the onset of the addiction phenomenon as a complex neuroadaptive process, and also the experimental
and clinical proof that antipsychotics induce complex phenomena on cerebral structures. In fact, in the
context of chronic antipsychotic treatment, the brain behave according to the acknowledged rules: it
launches short latency, rapid processes with homeostatic destiny, thus initiating a series of other, slower
reactions, implying protein and receptor synthesis, synaptic plasticity, neuroplasticity, neurogenesis etc.
These processes, which entail changes in the expression of certain genes, are approached as epigenetic
phenomena which confer to the organism, on one hand, flexibility and adaptability and, on the other
hand, genomic stability. Given this context, the authors deem that there are convincing arguments (either
direct or indirect) towards admitting that throughout the interaction antipsychotic — pathogenic psychotic
processes, two successive interdependent and correlated phases are envisaged: 1) the pharmacodynamic
phase where the active compound determines the known effects consecutive to antagonizing or activat-
ing the receptors for which it has affinity and 2) the pharmacotherapeutic phase implying slower, more
complex processes.
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The rapid counter-regulations of the interconnected neurotransmission systems are part of the phenom-
ena which probably initiate slower and more complex reactions entailing compensatory phenomena in
a positive or negative sense (up or downregulation) at receptor level, neuromediator synthesis, synap-
tic connections or even the emergence of new neurons in certain cerebral regions. This second phase
will outline the final therapeutic response which will install in weeks, months. In connection with the
rearrangement, modulation and resetting between different neurotransmission systems (affected in the
schizophrenia context), on the basis of the presented epigenetic processes, we might either report or not

an individual therapeutic effect as hinted end-point.
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Introduction

In this paper we begin a short synthesis of data on
schizophrenia pathogenic mechanisms. We shall
at least bring to attention major alterings in dop-
aminergic, serotoninergic, glutamatergic, gabaergic,
cholinergic (and so on) neurotransmissions stressing
the significant alterings of their quality/quantity
ratios in the involved areas (mesocortico-limbic).

Starting from this aspect, based on literature
and personal data, we will try to build a concept
of chronic antipsychotic treatment consequences at
level of target systems and their interrelations with
other central neurotransmitters systems.

The existing data in this specific field of interest
supports the belief that the altering of dopaminergic
neurotransmission, among direct consequences on
the function of the frontal cortex and the limbic
system, also convey significant consequences on
the interrelations with other major neurotransmis-
sion systems. Provided we admit that the altering
of dopaminergic neurotransmission be a primum
movens based on the pharmacologic testimony
of the significant clinic efficiency of D2 receptor
blocking (,transient D2 R occupancy is sufficient
for atypical antipsychotic effect” — see Kapur S.
and Seeman P, 2001), we might either consider

Dopaminergic theory (model) (Carisson 1978)
-Conclusive for the pathogeny of POSITIVE symptoms;
-Minimal correlation with NEGATIVE and COGNITIVE

symptoms.

loop).

DA — NA model (Snyder SH., 1973).

.

GA — serotonin model (Meltzer, 1989).
DA — glutamate model (Carlsson & Carlsson, 1990).
(the hypoglutamatergic model of schizophrenia, with consecutive dopaminergic
dysfunction. Altering of the information flow in the cortico-striatal-thalamo-cortical

DA — acetylcholine model (Tandon & Greden, 1989).

~

_/

Figure 1. — Pathogenic mechanisms of schizophrenia in terms of neuromediators

Note: Disruption of DA functions is essential and dominant in schizophrenia, but the dopaminegic system is
intricately interconnected to other neuromediation systems.
There is a suggestion for imbalance of DA and other neurotransmission systems involved in behavior and

cognition, sketching a complex pathogeny.

We emphasize the fact that the dopaminergic
theory is leading among other pathogenic theo-
ries for schizophrenia. The dopaminergic theory
of schizophrenia has been perfected through the
knowledge of alterings in the dopaminergic, meso-
cortical, mesostriatum, mesolimbic functions and
of their correlation with other neurotransmission
systems (Figure. 1).

that other described changes are consecutive to
the altering in the dopaminergic link, or that these
alterings can coexist and persist and they can set
off the complex disease only by reaching a quality/
quantity-related critical mass. (B.Woods, 1998).
During the past half century, antipsychotics
(either typical or atypical) have provided for an
important progress both in the comprehension of
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the neurotransmission mechanisms and in the bet-
ter understanding of the pathological mechanisms
of schizophrenia. Table I presents for compari-
son the particular affinities of certain illustrative
antipsychotics for cerebral receptors. Of course,
pharmacologists have reason enough to ask to what
extent these antipsychotics bear similarities and/or
differences and which is their relevance? (J.Arnt et
al, 1998; Davis JM and Chen N, 2005)

STATE-OF-ART

pharmacological action on the neuromediation
systems — altering of the ratios between system
components — repositioning and modulation —
resetting and stabilizing.

In this respect we support these ideas by bringing
a neurobiological phenomenon into the spotlight.
This phenomenon is documented in drug addiction
which in certain conditions can have consequences
over the entire life span of the person, due to com-

Compound Receptor mechanism
Amisulpirid D2 and D3 antagonist
Inter}se anta‘gomst D2 R (intense affinity)
Partial agonist
Aripiprazole
Partial 5HT1A R agonist
5HT2A R antagonist
Relatively weak antagonist for D2 R
Clozapine Agonist/antagonist to Muscarinic R
Partial agonist to 5SHT1A R
Olanzapine Antagonist for D2 R, Muscarinic R, 5SHT2A R and 2C R, H1 R
Risperidone Intense antagonism for D2 R, 5SHT2A R, al
Intense antagonism for D2 R
Haloperidol Weak antagonist for 5SHT2A R (in molecular terms — 3 times higher

affinity that that of quetiapine

Table. I — Receptor mechanisms involved in the effect of major atypical antipsychotics and
haloperidol (adapted and modified after GP. Reinolds, 2004 and PF. Buckley, 2007)

The sensible deduction is the complexity of
multireceptor affinity on one hand and on the
other hand, the quantity and quality differences in
the interaction of different antipsychotics with the
respective receptors.

New approaches are being fathomed based on
the fact that all antipsychotics are (or can be) inverse
agonists to the D2 receptors! (Kenakin T., 2001,
Robert D. and Strange Ph., 2005; Hill SJ., 2006).

Certain antipsychotics are agonists/antagonists
to D2 dopaminergic receptors, correlated with their
(populational heterogenic) functional state (Kenakin
T., 2001). This all suggests that the interaction of
antipsychotics with cerebral neurotransmission
systems is far from static, their interaction with the
receptors, bearing as results the alteration of respec-
tive receptor population and of interrelations with
other systems, thus leading to a dynamic modulation
process and lastly to system resetting (Voicu VA.,
2005). If stabilizing were to be mentioned (Carlsson
A. et al, 1999; Stahl S., 2001; McQuade RD. et al,
2002), this complex phenomenon could be in our
opinion relevant in the subsequent cycle: complex

plex and stable altering of the cerebral structures
involved (Volkow ND. et al, 2004; Kalivas PW and
O’Brien C., 2008).

Abuse drugs present intense interaction with
cerebral neural circuits, altering the motivational
and decisional pathways, thus generating a clinic
framework of compulsive behavior destined and
oriented towards obtaining the drug. Addiction
is considered a pathology characterized by neu-
roplasticity induced by the drug abuse, together
with hypoactivity to normal motivational stimuli,
hypofrontality (diminished prefrontal cortex activ-
ity) and lowering of the level of D2 striate recep-
tors, associated to alterings in the glutamatergic
and gabaergic pathways. Not less relevant are the
neurobiological mechanisms of the placebo effect
on the brain.

Based on the available data, we will furtheron
undertake demonstrating the idea that chronic
administration of antipsychotics (as well as that of
other psychotropic drugs) does not only entail short-
term pharmacodynamic consequences (correlated
with the dose and the rhythm of administration)
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but it does involve complex, long-term processes,
synaptic plasticity, neuroplasticity, neurogenesis
(and so on) included.

Obviously, things aren’t by far as simple even if
the occupancy of the D2 receptors is indispensable
to any analysis. Yet, experimental and clinic facts
such as the relatively low affinity of clozapine for
D2 receptors and the prevalence of 5HT2A recep-
tor affinity significantly perturb this concept (see
also Myamoto S. et al, 2005). It is difficult not to
consider the consequences of 5SHT2A R block and
of agonist effect on 5HT1A R explaining, at least
in part, the clinical effects of some antipsychotics,
of which we mention clozapine. How much more
so it is considered that 5SHT2A R affinity is neither
necessary nor sufficient.

The development of the dopamine — serotonin
antagonism theory (Meltzer HY. et al, 1989) has
become a criterion for deeming the atypicality. The
concept significantly fills out the outline of scientific
acquisition in the given field of research.

Certain characteristics of antipsychotics —
cerebral receptors interaction

Typical and atypical antipsychotics are pharma-
cologically characterized by their multi-receptor

V.A. Voicu et al.

affinity, basically interacting with roughly 16-18
receptors (see Table II) among which we could
mention dopaminergic, serotoninergic, cholinergic
— muscarinic, adrenergic, histaminergic recep-
tors (their subtypes included). Antipsychotics are
structurally, pharmacologically and therapeutically
non-homogenous compounds (Meltzer HY. et al,
1989).

An overview according to Arranz MI. and de
Leon J. (2007) underlines the fact that antipsychotics
have a complex multitarget pharmacologic profile
without an obvious action mechanism, at least to
the extent of our limited current understanding.
Still, antipsychotics make for a 50% clinic efficacy
in the treatment of schizophrenia, which compels
us to admit to a solid mechanism of action.

The effects on dopaminergic receptors are usually
antagonistic, the affinity towards the D2 receptor
being crucial for the antipsychotic outcome. This
characteristic — the D2 receptor antagonism — is
thought to be ,necessary and sufficient” for the
antipsychotic effect (Kapur S and Seeman P, 2001).
At a focused analysis of the interaction, we notice
that it can either be antagonistic to D2 receptors,
as for D1, D3, D4 receptors, with high affinity for
D2 R (Ki=0,34 nM for aripiprazole or 3 nM for

Receptor type Type of action Clinic consequences
Decrease in positive symptoms
. Extrapyramidal effects
D2R Antagonism Deficit syndrome induced by the antipsychotic
(increase of negative symptoms and cognition)
Decrease in positive symptoms
Antagonism / Decrease in negative symptoms
D2R . . . .
partial agonism Ameliorated cognition
Lowered or absent extrapyramidal effects
Amelioration of negative, cognitive symptoms
SHT1A R Partial agonism Decrease of anxiety
1 Dopamine Decrease of depressant symptoms
Decrease of extrapyramidal effects
5HT2A R Antagonism Lowered of absent extrapyramidal effects
Amelioration of negative symptoms
Muscarinic R Antagonism Antagonizing of extrapyramidal effects
Anticholinergic side effects
Muscarinic R Agonism Amelioration of cognition and psychotic symptoms
5HT2CR Antagonism Diminishing of general disease symptomatology
H1R Antagonism Weight gain
Weight gain

Table. II — Therapeutic and adverse effects of antipsychotics consecutive to cerebral receptors interaction

12

Therapeutics, Pharmacology and Clinical Toxicology



Long-lasting effects of antipsychotics treatment

risperidone) or agonistic — antagonistic (concept
which regards the receptors as a non-homogenous
population with different functional states) or even
further, basically all antipsychotics are inverse ago-
nists (Robert D. and Strange Ph., 2005).

The inverse agonist suppresses the receptors’
basal, constitutive activity (Kenakin T., 2001), in-
dependent to the agonist’s effect, it converts the
receptor to inactive state. In this manner, the antip-
sychotics can act as agonists, with effects opposed
to those of DA, increasing the DA release — as
alternative to the blocking effect on D2 receptors!
Another consequence is the positive numeric com-
pensation (upregulation) of D2 receptors, essential
to the antipsychotic outcome.

The affinity ranking for D2 receptors (excepting
aripiprazole which is an agonist/antagonist) start-
ing from the highest and ending with the lowest
affinity: risperidone > ziprasidone > olanzapine >
clozapine > quetiapine.

Clozapine for example has a higher affinity for
D1 and D4 R than that for D2 R!

Opposed to typical antipsychotics, the atypical
ones (except aripiprazole and amisulpiride), have
a considerably higher affinity as antagonists for
5HT2A R than for D2 R.

Atypical antipsychotics are antagonists at the
level of 5SHT2C R and partial agonists for 5SHT1A
R. It defines “atypicality” as particularly dissimilar
characteristics for variable atypical antipsychot-
ics — certain authors evaluating such character-
istics through either chemical of solely clinical
criteria (Richardson E., 1999). We record, with
consequences mainly adverse effect-related, the
antihistaminic actions, al, a2 blocking adrenergic
and antimuscarinic (M1) effects. There already is
proof of the agonist cholinergic effects of clozap-
ine (in particular those of the desmetil-clozapine
metabolite) with important consequences on the
cognitive function.

Within these complex pharmacodynamic effects
with virtually immediate onset, we notice that the
therapeutic effects are slowly instated, most authors
estimating a minimum of 3 weeks to 2-3 months
before noticing the clinical changes. A noteworthy
number of patients manifest lack of response or
intolerable side effects.

Thus spawns the unavoidable question: why
the temporal dissociation between immediate
pharmacodynamic effects (consequent to receptor
occupancy) and late (slowly induced) therapeutic
effects? For a different category of psychopharma-

STATE-OF-ART

cologic agents (antidepressants) the concept of a
slow instating therapeutic effect seems less argued
upon (Duman R. et al, 2001; Frazer A., Benman-
sour S., 2002).

Even militants for the relatively immediate
therapeutic antipsychotic effect which progressively
increases from the first week and gains sharpness
within the next 3 treatment weeks admit that a
certain 20-30% of the patients are non-responsive
or partially-responsive (Kapur S. et al, 2005).

Furtheron, based on the available data in psy-
chopharmacology literature, we will try to establish
a viewpoint in accordance to various neurobiology
related scientific information.

Neuropathologic alterings in schizophrenia.
Premises

The proof of neuropathologic alterings in schizo-
phrenia is relevant, dating roughly 100 years back
(Wernike CS, 1906, quoted by Stephan K. et al,
2006). Remarkable progress in this field of work
has been attained through imagistic methods which
demonstrate the existence of quantitative structural
alterings ever since the first episode. The quoted
author reveals the fact that, on neuropathologic
level, the proof is mostly on the negative side: first
off, there are no degenerative lesions despite the
prominent cognitive deficit, secondly there are no
gliosis processes (proliferation of astrocytes) to em-
phasize inflammatory and degenerative phenomena
(Woods BT., 1998; Harrison PJ., 2005). Moreover,
an increase in the incidence of Alzheimer disease
cannot be observed in schizophrenics.

The obvious aspects are defined by low cerebral
weight, smaller neurons, and a downward slope for
synaptic and dendritic markers. The more contro-
versial aspects quoted are: neural density altering,
smaller dimension thalamus, hemispheric asym-
metry of the pathology.

A series of data presented by various authors
stress that schizophrenia is a synapse disease, re-
spectively a connectivity dysfunction in the cerebral
areas involved (Harrison P, 1999; Mirnics K. et al,
2001; Gordon Frankle W. et al, 2003; Friston KJ.,
2005).

The affliction of synaptic transmission can either
be local (enclosed area) or detached, as are cortico-
cortical, interhemispheric and cortico-thalamic
connections.

These facts concur towards schizophrenia’s
etiopathogenic theory as much rather a process of
neurodevelopment than as neurodegenerative pro-
cess. Judiciously, the facts suggest a phenomenon

Year XIII, Vol.13, Number. 1/2009
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with early emergence in the evolution of the brain.
The symptoms evidently manifest much later, detail
which needs further explanation. What is interesting
is that a series of proteins coded by genes possibly
involved in schizophrenia pathology have functions
on synaptic level (Gogos JA. and Gerber DJ., 2006;
Harrison PJ. and Weinberger DR., 2005).

V.A. Voicu et al.

For example, the altering of dopaminergic trans-
mission can be considered an illustration of synaptic
dysfunction with complex consequences such as the
negative, positive and cognitive symptomatology in
schizophrenia.

Reasoning in favor of synaptic dysfunction (Gor-
don Franke W. et al, 2003) as background for patho-

Association with

Biological plausibility (in vivo or

Name schizophrenia” in vitro expression)
COMT A+ R——
Dysbindin +++++ ++
Neuregulin 1 +++++ 4+
RGS4 regulator +++ 4+
DISC1 +++ ++
Glutamate - 3 metabotropic receptor +++ FH++
G-72 +++ +4
D-aminoxidase ++ S+

Table. III — Susceptible schizophrenia candidate genes (modified after PJ. Harrison and DR. Weinberger)

The potential functions of the proteins coded
by the candidate genes address glutamatergic
transmission (proline metabolism), release of glu-
tamate (lysosome biogenesis), neuronal develop-
ment and survival, synaptic function, pinpointing
of membrane receptors and signal transduction,
synaptic architecture and plasticity, neurotrans-
mitter reuptake and depositing, GABA mediated
transmission, dopamine metabolism, regulation of
the extracellular dopamine level in the prefrontal
cortex, regulation of the GTPase activator which
modulates the signal transduction to dopamine,
glutamate or muscarinic receptors etc.

genic mechanisms in schizophrenia is extremely
suggestive for the intricacy of the antipsychotic
therapy resetting effects on these conditions.

For instance, dopamine diminishes the excitatory
transmission between (glutamatergic excitatory)
pyramidal neurons through action on presynaptic
D1 R. This indicates that the glutamatergic hypo-
function can be generated via D1 R activation.

Major dysfunctions correlate with an excess in
dopaminergic D2 R associated to a glutamatergic
transmission deficit. We have found experimental
and clinical proof on the psychotogene conse-
quences of a dopaminergic excess induced by am-

Gene

Function

COMT

Neuregulin 1

RGS4

DISC1

Glutamate - 3 metabotropic
receptor

G-72

Metabolism (oxidation) of dopamine;
Regulation of extracellular dopamine in prefrontal cortex.

Widespread involvement in neural development, survival and synaptic function.

GTPase activator which modulated the signal transduction through dopamine,
metabotrope glutamatergic and muscarinic receptors.

Multifunctional, involved in cytoskeletal and centromere functions, in
membrane location of receptors and signal transduction.

Receptor synthesis and glutamatergic transmission.

Potential modulation of D-aminoxidase and, indirectly, glutamate-mediated
signaling.

Table. IV — Potential function of the schizophrenia candidate genes (modified after Gogos and Gerber, 2006
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Figure. 2 — Glutamatergic— dopaminergic mechanisms in chemical psychosis

phetamine administration and also on the psychotic
effects of non-competitive NMDA R antagonists
(phencyclidine or ketamine). Apparently, intense
dopaminergic activity is under inhibitory control
from NMDA R.

The functional deficit in NMDA R generates a
shortfall in the control of dopaminergic activity un-
der stress. The dopaminergic excess supplementary
inhibits the NMDA mediated activity in cortical
and limbic areas and the connection to the GABA
neurons from the neuronal striatum. A vicious circle

of deficit is thus created and enhanced.

The abnormal connections seen in schizophrenia
consecutive to genetic and environmental congregat-
ing factors are predominant in the prefrontal cortex
(as execution system) and in the connections to the
limbic system, striatum and thalamus. The impact of
these synaptic dysfunctions on the complex neuroen-
docrine puberty and postpuberty events generate an
aggression and clinical relevance of the imbalances
between excitatory and inhibitory neuromediation
on a dopaminergic dysfunction background.
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Regarding the approach of the synaptic dyscon-
nectivity theory (Stephen KE. et al, 2006), starts on
Friston KJ's hypothesis (1996, 2005) and proceeds
to reveal the fact that the altering of nervous sys-
tem connections leads to the loss of control of the
synaptic plasticity which manifests by means of
abnormal central nervous integration.

Pharmacologic evidences on normal individu-
als prove that, in a physiologic context, the psy-
chodysleptic compounds can induce schizophrenia-
like symptoms, which basically are completely
reversible, which is obviously not the case with
schizophrenia. Genetic studies mention alterings
in the function of certain genes which code for
proteins involved in synaptic plasticity as a major
adaptation phenomenon of the dynamic integra-
tive connectivity correlated with the environmental
conditions, with learning, exercise etc. Harrison P.J.
and Weinberger D.R. (2005) identify 7-8 candidate
genes for the pathogeny of schizophrenia out of
which 6 are highly linked to NMDA R function
and neurotransmission modulation.

Despite all progress in the field of structural
and nonstructural altering identification for schizo-
phrenia, this disease as a whole has no definite
neuropathologic diagnosis based on univocal,
pathognomonic recognition of a certain type of
lesions in the involved cerebral areas (Harrison
PJ. and Weinberger D.R., 2005). That is why it is
considered that schizophrenia seems to consist of
altering in the neuronal microcircuits, expressed
in the dendritic and axonal connections and in
the associated glial elements. These aspects plead
for the concept of dysconnectivity consecutive to
synaptic disorders (Gordon Frankle W. et al, 2003;
Friston KJ. et al, 2005; Stephan KE. et al, 2006;
Ross CA. et al, 2006; Suzuki T. et al, 2001; Lledo
PM. et al, 2006).

Therefore, the synaptic pathology is only partially
morphologic (visible in electron microscopy), the
rest being manifest at molecular level and consisting
of altering of the synaptic machine’s composition,
activity and plasticity (Harrison PJ. and Weinberger
D.R., 2005).

Studies on twins show that schizophrenia is a
predominantly genetic disease, with hereditary risk
estimated at 80%. There is no focus on a certain
single gene, on the contrary, the polygenic pattern
is plausible, the effect of multiple genes with addi-
tive and multiplying action corroborates well with
existing data (Owen M]J. et al, 2004).

V.A. Voicu et al.

The antipsychotics produce complex modifica-
tions in the brain

Most authors admit that the antipsychotic effect
is slowly induced and can be of relevance within
the first 2-4 weeks. The scientific world is preoc-
cupied by biomarkers for the prediction of both the
antipsychotic effect and of the adverse effects.

Actual case studies reveal the absence of direct
correlation between the blocking effect on D2 R
and the specific therapeutic effect. We notice the
necessity of demarcation between the onset of the
antipsychotic’s effects and the needed time for
specific therapeutic effect (Agid O. et al, 2003).

These authors, based on metaanalysis, support
the hypothesis that the therapeutic effect com-
mences upon reaching the therapeutic concentra-
tion level of the antipsychotic.

Thus, the highest rate of therapeutic response
kicks off within the first week, process which is
considered a guideline for prediction of the indi-
vidual efficacy of the respective drug. The authors
consider that, as with the hypothesis on the early
onset of antipsychotic effect for a certain dose and
in a certain patient, the required observation span
is 2 weeks.

In the similarly approached context, Frazer A.
and Benmansour S. (2002) underline the wide accep-
tance of the fact that the effects of antidepressants
are set off after a lag period of 2-3 weeks with slow
maximal or optimal effect after 6 — 12 weeks.

The authors admit effects on synaptic func-
tions with neuroplasticity-generating intracellular
consequences, alterings potentially involved in the
prophylactic effect of antidepressants (compared to
the recurrence of the depressive disease).

Other important elements in the same context
are disclosed by Taucher J. et al. (2002) who ad-
dress the dissociation of plasma level antipsychotic
kinetics from cerebral kinetics. Thus olanzapine and
risperidone have plasmatic half lives of 24,2 and
10,3 hours respectively, while the decrease to 50%
of cerebral concentration (D2 R occupancy) — needs
72,2 h for olanzapine and 66,6 h for risperidone.
The fore-mentioned authors describe a similar
discrepancy concerning the plasmatic dynamic
versus D2 R occupancy on corticostriate level and
5-HT2A R occupancy.

It is significant that D2 R occupancy may per-
sist up to 15 days after the discontinuing of oral
administration of typical antipsychotics (Baron et
al., 1989, quoted by Taucher J. et al., 2002).
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A potential explanation of this dissociation of
the two kinetics could consist on how lipophile
the compounds are and which is their preferential
distribution in the brain, active metabolite (e.g.
9-hidroxi-risperidone) included. In this last scenario
the authors admit to a possible altering of cerebral
metabolism for the parent-compound, which would
explain the prolongation of receptor occupancy.

Herein, the presence of an extremely high ,a
priori” concentration in the brain will undoubt-
edly determine significant long term alterings of
the afferent functions (receptor density, synaptic
functions, neuroplasticity etc.).

The belief that neurons die during the life of
a developing individual and in adults has been
dominant and only recently has neurogenesis been
revealed as emergence of new neurons under certain
circumstances, adults included, in a wide variety of
mammal species (Chambers RA. et al., 2004).

This phenomenon of neurogenesis is more ap-
parent in certain areas of the brain, such as the
dentate gyrus, hippocampus and olfactive system.
Neurogenesis is associated to the increase in cogni-
tive performance, social interaction, antidepressant
outcome of specific drugs, effects of electroconvul-
sive treatment etc.

Neurogenesis in the hippocampus under ac-
tion of antidepressant drugs explains the specific
therapeutic effect, the discontinuing of the cognitive
deterioration and the performance increase. Apop-
tosis and neurogenesis coherently interact towards
creating a pattern of neuronal turnover functionally
adapted to new informative requirements (Cham-
bers RA. et al., 2004; Paizanis E. et al, 2007).

It is already widely known that the substances
that have effect on certain fundamental functions of
the organism, especially those involved in the ho-
meostatic regulation and control generate long term
effects, their discontinuing bringing about grave
»abstinence”-like drawbacks with highly significant
risk levels. To that effect, we would mention the
chronic -adrenergic blocking treatment, clonidine
treatment, benzodiazepine treatment etc. although
in circumstances not correlated with therapeutic
destiny, long term drug addiction (drug abuse)
generates basically irreversible phenomena with
negative impact on the individual destiny (and, of
course, on the treatment options).

Hypothetically, the chronic antipsychotic treat-
ment, through similitude and not only, through
complex interference with multiple neurotrans-
mission systems, should generate significant and

STATE-OF-ART

durable changes (alterings) on the targeted cerebral
areas.

We shall mention certain experimental theses
to that respect.

Kontkanen O. et al (2002) daily administers
haloperidol and clozapine for 17 days in rats and
after 3 washing periods (2 hours, 24 hours and 6
days respectively) studies gene expression in the
cerebral cortex.

The study was performed on functional clusters,
respectively on genes for GABA R and correlated
with GABA neurotransmission, for glutatergic R and
correlated with glutamatergic neurotransmission, for
G protein-coupled receptors, for genes involved in
the lipid metabolism and correlated with presynaptic
tasks. Microarray analysis of the expression of can-
didate target genes (after administering clozapine in
the prefrontal cortex at 1, 6 and 24 hours) revealed
a differential expression of the genes involved in
presynaptic function. Supplementary assessment
of the 35 genes was conducted through in-situ
hybridization after acute clozapine intake and/or
after clozapine and chronic haloperidol treatments.
The acute clozapine administration regulated the
expression of chromogranin A, synaptotagmin V
and calcineurin.

The chronic administration of clozapine reduces
the cortical differential expression of chromogranin
A. Chronic haloperidol regulated the mARN ex-
pression of the inhibitor of DNA-binding 2 (ID-2)
and Rab-12. The authors conclude that chronic
treatment with haloperidol and clozapine modu-
late the expression of genes involved in synaptic
function and in regulation of intracellular Ca** in
the cortex.

In a different experimental paper, Andersson C.
et al (2002) prove that chronic administration of
haloperidol, risperidone, clozapine, olanzapine for 8
months determines a neuroplastic response, respec-
tively an increase in striatum volume by means of
typical antipsychotics while atypical antipsychotics
differentially modify the basal ganglions. Scheepers
FE. et al (2001) show that the decrease of caudate
volume is positively correlated with amelioration of
positive symptoms, but not of the negative ones.

Andersson et al stress on the hypothesis that
chronic antipsychotic treatment produces long term
altering of the global cerebral structure, as shown
by striatum hypertrophy, with circulatory activa-
tion, synapse activation, regeneration and number
adjustment on this level.

The increased volume of the caudate nucleus is
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correlated with weak neuropsychic performance,
deficit syndrome and more severe symptomatology,
this same increased volume suggesting an adverse
modulation of the effects of antipsychotics (Scheep-
ers FE. et al, 2001; Gur RE. et al, 1998).

On the other hand, Sheepers FE. et al (2001)
emphasize that decreased volume of caudate nucleus
under clozapine, in patients priorly treated with
typical antipsychotics (which increase the caudate
nucleus volume) is not connected to treatment
response and neither to improvement in late dys-
kinesia. In the given circumstances, the author
considers that the neuropathological abnormalities
in schizophrenia are dynamic: these tend to be
reversible rather than static or irreversible. Plus,
the differential effects of typical antipsychotics as
opposed to those of clozapine are correlated with
the different D2 R affinity.

A different clinical study allows Scheepers FE. et
al (2001) to conclude that the significant decrease in
caudate nucleus volume is noticed in patients who
respond to clozapine treatment, but not in patients
who are non-responsive to clozapine after 52 weeks
of treatment. Of course, the following question still
stands: does this effect directly correlate with the
therapeutic effect of clozapine?

Fatemi SH. et al (2006), builds a theory on the
ideas that genes with neuroregulating function can
be involved in schizophrenia pathology and that
recent studies confirm that genes involved in neu-
rotransmission, signal transduction and glutamate/
GABA regulation are differentially adjusted in the
brains of individuals with schizophrenia. Chronic
olanzapine treatment in rats may alter the expres-
sion of certain genes involved in the etiology of
schizophrenia and mood disturbance.

After daily administration of olanzapine for 21
days, 31 genes were downregulated, 38 genes were
upregulated. These alterings were double compared
to those in the control group.

These results target the genes involved in signal
transduction, cellular communication, metabolic
and energetic pathways, transport, immune re-
sponse, nucleic acid metabolism and neuronal
growth factors.

In particular, olanzapine seems to have the
effect of increasing glutamatergic neurotransmis-
sion, modulating synaptic plasticity, augmenting
the energy production via prefrontal rat cortex
glycolytic pathway.

Chen ML. and Chen CH. (2005), referring to
risperidone, appreciate that besides the profile of
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receptor interaction, the compound needs two
weeks of treatment before showing a therapeutic
effect, the molecular mechanism being less ascer-
tained. The mechanism for the slow induced effect
isn't completely elucidated.

It is generally admitted that antipsychotics can
affect the expression of certain genes in the brain
comporting subsequent altering in the synaptic
structure and neurogenesis (also see Hyman SE
and Nestler EJ., 1996; ; Konradi C. and Heckers S.,
2001). It can easily be assumed that the temporal
dynamic of gene expression modifications in the
brain corresponds to the dynamic of antipsychotic
therapeutic effect instatement (Chen ML. and Chen
CH., 2005).

Feher L. et al (2005) study the effects of halo-
peridol and risperidone on gene expression profile
in the rat cortex.

The treatment consisted of 4 weeks of daily ad-
ministration with prefrontal cortex/fronto-parieto-
temporal sample prelevation at 96 hours and at 4
weeks. Among the 8000 examined genes only 36
genes (0,45%) had been altered by haloperidol.
At 96 hours haloperidol produced a decrease in
the expression of 15 genes, and overexpression of
some other 13 genes. At 4 weeks, 9 of the genes
were overexpressed and none were underexpressed.
Among the overexpressed genes at 4 weeks, we
mention: G-protein-binding protein, K*-channel,
relaxin-like factor, endotelin receptor etc.

As for risperidone, after 96 hours, 89 genes
were modified, out of which 43 had been induced,
and 46 underexpressed. Chronically, their number
decreased to 6 and, respectively, 11.

The authors deem that the antipsychotics induce
or inhibit the expression of certain genes which
are functionally involved in signal transduction,
transcription and translation, protein turnover and
cellular metabolism. All these factors are involved
in neuroplasticity, one of the parameters correlating
to glutamatergic transmission activation (subunits
of NMDA R and glutamate carriers) (see also Hong
JS. et al, 2004).

At dopaminergic level, haloperidol and ris-
peridone act on the subtle regulation of signal
transduction pathways, implicitly the two antip-
sychotics induce neuroplasticity. Effects on the
endotelin expression are also mentioned. Endotelin
is involved, together with the respective receptors
in behavior, neuroendocrine regulation and cardio-
vascular control.

Huang XF. et al (2007) has experimentally de-
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termined the effects of clozapine and haloperidol
on 5-HT2A R and 2C R expression in rat brains
after 36 days of daily administration.

Clozapine exerts a meaningful effect on
5-HT2A R expression: significant decrease in the
hypothalamus, in the limbic system (accumbens
nucleus — 65%, hippocampus — 80%), in striatum
(68%), cingulated cortex (56%). At 48 hours from
the last clozapine intake the 5-HT2A R expression
was significantly higher compared to control. As
for its effect on 5-HT2C R, clozapine produces the
deepest effects in the substantia nigra which are
still significantly present at 2 and 48 hours from
the last administration.

Haloperidol at 2 and 48 hours from the last
intake produces significant decrease only in the
substrantia nigra (42% and 54% respectively). Ac-
cording to available data, clozapine, a highly lipo-
philic compound, is preferentially distributed to the
striatum, cortex, accumbens nucleus, hippocampus
and hypothalamus, which according to Huang et
al constitutes proof of 5-HT2A R expression alter-
ing in the respective areas, subsequent to chronic
treatment. It may seem a bit peculiar that, opposed
to other blocking agents, the chronic blocking of
5-HT2A R leads to their downregulation, and not
their upregulation as is usually characteristic.

The authors consider that the effect of 5-HT2A
R expression diminishing might contribute to
regularizing their function in the hippocampus (on
experimental models, the increase of 5-HT2A R in
the hippocampus correlates to anxiety and stress
related disorders).

The altering of 5-HT2C R expression under
clozapine action is strictly limited to the substantia
nigra. The 5-HT2C R involvement in the control
of mesencephalic dopaminergic neurons is known
to exert both a phasic and a tonic modulation on
the functions of dopamine.

The lack of effect of haloperidol on the ex-
pression of the two receptors is justified by the
antipsychotic’s low affinity for 5-HT2A R and 2C
R compared to clozapine.

Huang XF. et al (2006) scrutinize the effect of
olanzapine on 5-HT2A R and 2C R expression in
rats’ brains after daily administration for 36 days.
The authors find that olanzapine decreases the
5-HT2A R expression in the hypothalamus, the
limbic system and the striatum (accumbens nucleus,
amygdaloidal nucleus).

At 48 hours since treatment discontinuation, the
5-HT2A R expression was increased in most of the
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inspected areas. The most significant decrease in
5-HT2C R expression was present in the substantia
nigra. Opposed to the usual effect, the blocking of
5-HT2A R decreases their expression!

Chen ML. and Chen CH. (2007) determine the
expression of the genes which code for catabolic
enzymes of biogene amines, respectively MAO A,
MAO B and COMT in rat frontal cortex, after
daily doses of risperidone, for four weeks. Similarly,
haloperidol, clozapine or olanzapine have been
administrated.

The risperidone treatment significantly increases
the expression of MAO B and COMT in rat frontal
cortex. Olanzapine also greatly increases the expres-
sion of MAO A, MAO B and COMT genes. No
similar altering has been observed under haloperidol
and clozapine. The authors comment by saying that
MAO A mutation correlates to mental retard, dys-
functions of impulse control and violent behavior.
MAO gene knock-out mice are aggressive, COMT
gene being a noticeable candidate for schizophrenia
on 22q chromosome. The risk is correlated with
lowered COMT mARN expression in the brain.
Basically, the decrease in MAO and COMT genes in
the brain can be associated to schizophrenia patho-
genesis. The long term increase of MAO A, MAO
B and COMT expression under risperidone and
olanzapine may signify restoration of disturbed
neurotransmission, which would account for the
clinical effects of atypical antipsychotics.

Antipsychotic induced pharmacodynamic and
neuroplastic effects

A possible question might be: is the interaction
of antipsychotics with neurotransmitting receptors
from meso-cortico-limbics areas associated to ex-
clusively reversible pharmacodynamic effects or to
complex long lasting altering in the expression of
the genes which control the synthesis of neuronal
function components? In an article published ten
years back, Eastwood SL. et al (1997) researches the
expression of genes involved in neuronal activation
and plasticity, with the purpose of contributing to
the identification of modifications determined by
chronic antipsychotic administration. The authors
stress on the need for long term studies since the
prolonged, slow alterings in gene expression can
contribute to late therapeutic effect, as to second-
ary effects of antipsychotics.

By studying synaptophysin, a protein used as
marker for presynaptic endings, after 16 weeks
of haloperidol treatment in rats, an increase in
synaptophysin expression was noticed in the dor-
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solateral striatum and frontoparietal cortex, yet
not in the hippocampus. The authors consider this
process as the proof that chronic administration of
antipsychotic produces synaptic restructuring in
certain neuronal populations from the striatum and
cortex, but does not comport sustained altering of
neuronal plasticity.

Harrison PJ. (1999) shows that antipsychotics,
among their neurochemical effects, also produce
altering of the cerebral structure which is consid-
ered contributory to the therapeutic or secondary
effects of antipsychotics. On the other hand, these
treatment-induced alterings may be mistaken for the
neuropathology of the psychosis itself. From litera-
ture data analysis, the author mentions no proof at
all that antipsychotics affect cortical neurons or that
they could generate neuropathologic altering of the
hippocampus. Yet the author emphasizes the fact
that there are certain aspects which signify genesis
of new synapses and increase in their turnover. Cor-
related to anatomic distribution of these synaptic
plasticity processes, it can be noticed that almost
all ultrastructural alterings after antipsychotic treat-
ment are isolated on the nigro-striatal pathways,
with preservation of accumbens nucleus, which
suggests the association to D2 receptors blockade
(with dopaminergic consecutive hypersensitization)
and late dyskinesia induction. Bare note that this
process isn't described for clozapine, though cer-
tain structural alterings induced by antipsychotics
do not differ in individual with or without dyski-
nesia, respectively with of without dopaminergic
hypersensitivity.

The pharmacologic and cellular mechanism
orchestrating the neuroleptic effects of antipsy-
chotics are at least partially consecutive to D2 R
blocking.

In a data analysis, Konradi C. and Heckers S.
(2001) address issues related to the mechanisms
of the effects of antipsychotics on brain functions
correlated to the delayed therapeutic effect (Hy-
man SE and Nestler EJ., 1996). Although the D2 R
blockage is virtually instantaneous, the therapeutic
effects are far from being directly associated to the
pharmacodynamic ones, the pharmacologic profile
of antipsychotics suggesting more complex action
mechanisms.

Dean Ch (2006) discus recent proofs on long-
term modification associated with antipsychotic
treatment: changes in protein affecting cell survival,
impaired of the mitochondrial respiratory chain,
increase in DNA fragmentation, injury to dendritic
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microtubules, increases in dopamine-generated re-
active oxygen species, changes in cell morphology
and rapid induction of apoptosis.

Neuroplasticity (synaptic plasticity and neuro-
genesis) in the prefrontal cortex, hippocampus and
thalamus, is likely to rank high in endpoint of the
treatment of schizophrenia. The quoted authors
bring into discussion the effect of haloperidol: the
increase of striate volume, accompanied by numeric
expansion of neurons. Supplementary, haloperidol
produces ultrastructural altering in the striate
synaptic morphology: growth in the size of axonal
endings, increasing of the number of vesicles per
synapse and heightening of the postsynaptic density.
The effect of haloperidol is reversible in rats after
ceasing treatment. On molecular level, haloperidol
influences protein synthesis and phosphorylation,
both processes being majorly involved in synaptic
remodeling, memory and behavior, correlated with
neuroplasticity. Haloperidol influences protein
phosphorylation via blocking D2 R, activating
adenilate-cyclase and increase of cAMP and activa-
tion of protein kinase A which phosphorylates the
receptors and the ionic channels, thus modulating
the synaptic function.

The effects of haloperidol aren’t limited to the
striatum, even though those are the most notable,
they also reach the prefrontal cortex, the hip-
pocampus and thalamus. Konradi C. and Heckers
S. consider that the late effect of antipsychotics
and the correlated neuroplasticity suggest that
ultrastructural modulation of neuronal circuits
is a significant contributor to the proprieties of
antipsychotics. The involved structures, such as
the limbic and prefrontal cortex show synaptic
remapping or altering in gene expression as re-
sponse to the antipsychotic treatment. Successful
treatment of schizophrenia could be envisaged as
adequate changes in the already altered synaptic
connectivity.

Lieberman JA. et al (2005) conducts an imagistic
(MRI) study on normal individuals and on patients
during their first episode of psychosis, before and
after the administration of haloperidol or olanzapine.
He essentially notices that haloperidol significantly
diminishes the grey substance, while olanzapine
doesn’t have that effect. In healthy volunteers there
is no change in the grey substance volume. The alter-
ing of grey substance volume after haloperidol could
stand as sequel to the pathologic progress of schizo-
phrenia which isn’t impeded by this antipsychotic,
while olanzapine can discontinue the process.
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The antipsychotic treatment appears to modify
the progressive altering of the neurostructures
after the first episode. Liberman JA. et al. (2005)
demonstrates that the patients treated with typical
antipsychotics show a greater loss of grey substance
than those treated with atypical antipsychotics. This
aspect is obvious for 52 weeks, starting with treat-
ment week 12. The patients treated with haloperidol
lose significantly more grey matter from the cortical
area in weeks 12 — 24 compared to the patients on
olanzapine. In the prefrontal cortex area there are
is no altering in patients under haloperidol treat-
ment, while in patients under olanzapine treatment,
a minute yet noteworthy increase of the temporal
grey matter is noticed, suggesting that this is not
only a neuroprotective process, but possibly even
a neurotrophic effect (!). Neurocognitive tests show
that in the haloperidol treated patients the ameliora-
tion is minor, correlated to the cerebral grey matter
loss from the prefrontal and parietal cortex.

Liberman JA. et al. (2005) research the effects
of antipsychotics on brain morphology within the
first psychotic episode, aspect we have previously
mentioned saying that the differential effects of
haloperidol and olanzapine on brain morphology
are either consecutive to haloperidol toxicity (sig-
nificant decrease in the grey matter volume), or to
the fact that olanzapine has superior therapeutic
effects. Authors quotes several other researches
which show that antipsychotics might have effects
on neuroplasticity, including synaptic remodu-
lating and neurogenesis (Konradi C., Hecker S.,
2001). The morphologic effects of antipsychotics
thus culminate with amelioration of neurocognitive
processes, PANSS and negative symptoms (Wang
HD., Deutch AY., presentation at 34" Ann. Meet.
of Soc. of Neurosci., oct.2004, San Diego).

Harisson PJ. (1999), synthesizing literature data,
stressed that antipsychotics, additional to their neu-
rochemical effects, also produce structural effects on
brain level. Obviously, through their specific effects,
antipsychotics have had a tremendous contribu-
tion to the better understanding of schizophrenia’s
neurochemical mechanisms. Thus, by quoting
experimental research (mainly performed on rats)
regarding typical antipsychotics, the author em-
phasizes the fact that these compounds lower the
number of neurons in the striatum, increase the
striate neuronal sizes, give birth to indirect neuro-
genesis proof etc. Effects on dopaminergic neurons
in the substantia nigra or in the cortex have not
been noticed. Synaptic altering induced by chronic
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administration of antipsychotics and studied by
means of electronic microscopy is characterized by
altering of the synaptic ultrastructure on striate level
and of lower intensity on cortical level. Although
it is hard to systematize these alterings, the author
shows that antipsychotics increase the proportion
of symmetric axo-dendritic synapses, suggesting
that antipsychotics amend the balance in favor of
inhibitory synapses, the axo-spinous synapses be-
ing excitatory, glutamatergic synapses. Yet data can
be found for justifying that synaptic glutamatergic
transmission is increased by antipsychotics (Me-
shul CK. et al., 1996, quoted by Harrison PJ.). The
disadvantage in this research mainly results from
the fact it has been performed on rats, prominently
with haloperidol.

The ultrastructural alterings produced by an-
tipsychotics (in humans, inclusively — postmortem
studies) are indications for synaptic plasticity,
together with the shaping of new synapses, phe-
nomenon also described in the increase of afferent
stimulation, process with significant functional
consequences.

The ultrastructural alterings are obvious in the
nigro-striatal area, the caudate and accumbens
nuclei.

Konradi C. and Heckers S. (2001) pay attention to
neuroplasticity in the context of chronic treatment
with antipsychotics. The authors circumstantially
show that since neuroplasticity is a process through
which the brain adapts to environmental changes, it
makes perfect sense to consider that antipsychotics
have such effects and that these are lengthy.

The two processes involved in neuroplasticity are
synaptic plasticity (remodeling and reinforcement
of the neuronal circuits) and neurogenesis. The
studied data mostly refer to haloperidol. The authors
stress that two circuits are particularly relevant in
schizophrenia: the reciprocal connexion hippocam-
pus — cortex and the striatal-palido-thalamo-cortical
loops. In these circuits the DA neurotransmission
plays a dominant role.

Long term synaptic plasticity is correlated with
activity, the brain encoding external and internal
events in a space-time model implying large neurons
ensembles (Citri and Malenka, 2008). If the activity
within such circuits lasts, a long-lasting change in
synaptic pattern is produced, with new information
storage. In fact, the associative memory is accom-
plished by presynaptic activity harmonization with
postsynaptic discharge.

Pharmacologic manipulation of receptors activ-
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ity, of their density, of neurotransmitters synthesis
and release, of ion-channels dynamics lead to gene
expression changes controlling their synthesis. In
relation to duration of exposure, the neuroplasticity
phenomenon is more ample and stable comparable
with addiction phenomenon, for example (McClung
AC. and Nestler EJ., 2008).

Schizophrenia can be conceived as a complex
neuroplasticity process, reflecting this entity het-
erogeneity and variability. Thus, there are identified
potential schizophrenia causes, deterioration conse-
quences and processes compensating it, in the sense
of CNS homeostasis restoration and, finally, our
modality to interpret this phenomenon ensemble.
Thus, analysing the resultant, including the factors
of which some are princeps, defining the perturba-
tion, others associated neuroplastic phenomena not
belonging to disease pathological process (Lewis
DA. and Gonzales-Burgos G., 2008).

The schizophrenia symptomatology can be analy-
sed and interpreted more unitary as imbalanced
plasticity of neuronal network involved in cognitive
and psychomotor perceptual functions (Guterman
Y., 2007). An epigenetic model of schizophrenia
have heuristic value, giving chance to integrate big-
ger and more diversified epigenetic data in a new
concept (Petronis A. et al, 1999). Moreover there
are analysed the proofs on abnormal neurogenesis
mechanisms, expression of developmental genes in
schizophrenia and influence of some antipsychot-
ics on neurogenesis (5SHT1A R agonists produce
neurogenesis, olanzapine olso etc.) (Cowen SD.,
2007; Toro CT. and Deakin JFW., 2007).

The constant working hypothesis might be: if
schizophrenia is a dysfunction of synaptic system-
atization, antipsychotic induced neuroplasticity
might be the link for functional and anatomical
reconnection. There is a series of data which
confirm haloperidol-induced neurogenesis in the
hippocampus (Cameron and McKay, 1998, quoted
by Konradi C. et al, 2003).

Proof of neurogenesis through antidepressants
is already renowned (Malberg et al., 2000). Certain
data underline the effects of atypical antipsychotics
on the expression of some neuronal genes in the
afflicted area in the context of schizophrenia.

Konradi C. and Heckers S. (2003) suggest that
the delayed therapeutic effect of antipsychotics
could be explained by the fact that antipsychotics
promote neuroplasticity and that ultrastructural
modulation of the neuronal circuits is of impor-
tance for the accomplishment of antipsychotics’
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particular effects. Roughly, if the treatment for
schizophrenia is successful, that implies synaptic
connectivity changes (modulation and facilitation
of the synaptic plasticity).

Leveque JC. et al. (2000) approach in a similar
ideologic context the fact that although antipsychot-
ics produce effects on cerebral receptors, especially
on the dopaminergic ones, the specific therapeutic
effect mechanism seems far from being utterly
elucidated. When interpreting resulting data of the
experimental study, the quoted authors underline
that haloperidol alters NMDA R activity by means
of an intraneuronal mechanism. By facilitating the
glutamatergic function, they produce an increase
in neuronal sensitivity to the neurotoxic effects of
glutamate. In patients with normal glutamatergic
activity, haloperidol potentiate glutamate’s normal
neurotoxicity, while in patients with slightly lowered
glutamate levels, the glutamate itself compensates
the hypofunction in glutamatergic neurotrans-
mission. This correlates tardive dyskinesia with
cerebral glutamatergic hypofunction. Clozapine
has no relevant modulating effects on NMDA R
at therapeutic plasma levels.

Laruelle M. et al (2005) admits as working
hypothesis that the fundamental mechanisms of
schizophrenia are yet tentative. The dysfunctions
in schizophrenia are associated to excessive DA
function in subcortical areas, abnormality which
could be secondary to a synaptic dysconnectiv-
ity in the prefrontal cortex, aspect which can be
psychochemically modeled by administration
of NMDA antagonist. A deficit in dopaminergic
neurotransmission generates the dopaminic endo-
phenotype associated to the disease, the dopaminic
dysfunction being able, in itself, to emphasize the
glutamatergic deficit. This could be the background
on which the authors try to assemble, based on
imagistic data, a relevant model for the pathogeny
of schizophrenia which would correlate glutamate/
dopamine and dopamine/glutamate. A deficit of
glutamatergic transmission generates the dynamic
endophenotype with the disease characteristics,
the altering of dopaminergic exacerbating this
glutamatergic deficit.

Recently, new approaches on antipsychotic
treatment consequences appeared. Between 18
and 55 years of age in human, the ratio between
myelinated white matter and grey matter changes,
brain weight remaining constant. This extensive
myelinisation process increases the brain capacity
to process information, offering support for some
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human capacity, such as language (Bartzokis G.
et al, 2007). Human brain myelinisation process
vulnerability contributes to the prevalence of some
disorders of development, e.g. schizophrenia, au-
tism, bipolar disorders, but also in addiction process
(Bartzokis G, 2005; Bartzokis G. and Altshuler L.,
2005). The cited authors consider that myelinisation
process perturbing can contribute to schizophrenia
syndrome, fact demonstrated by in vivo and post-
mortem studies.

By imagistic resonance investigation (IR) method,
very sensitive to cholesterol concentration in myelin
(cholesterol reaches its highest concentration in
myelin, compared with other tissues), it is analysed
the differentiated effect of atypical antipsychotics
compared with typical ones. In a clinical study
Bartzokis G. et al (2007) used flufenazine decano-
ate (51 schizophrenic patients) and risperidone (20
schizophrenic patients) compared with a healthy
control group. It resulted that frontal lobe size
does not differ between the two treatment groups
treated with flufenazine and risperidone, although
the frontal lobe for those treated with flufenazine
was reduced compared with the control group.
Between the two treatment groups, differences
appeared it concerns myelinated volume changes,
specifying that schizophrenics have a smaller vol-
ume, compared with healthy volunteers group.

For the schizophrenic patients treated with
risperidone, the myelinated volume was increased,
at frontal lobe level, and decreased for flufenazine,
compared to control group, although total frontal
lobe volume didn’t change. The mechanism for pro-
myelinated effect of atypical antipsychotics is not yet
defined, it may be correlated with lipid metabolic
changes (weight gain) or a neuro-chemical mecha-
nism consisting of dopaminergic neurotransmission
increase at prefrontal cortex level, as support of the
beneficial effect of atypical antipsychotics.

Lysergic acid diethylamide (LSD, Lisergamide),
a highly active hallucinogen, produces a transitory
psychosis in humans which comports profound
altering of perception, behavior and mood, very
much similar to schizophrenia.

The effects are considered consecutive to the
interaction with serotonin receptors, subtypes
5HT2A, 5HT2C and 5HT1A, with agonist effect,
but also with dopaminergic receptors for which
LDS has high affinity.

LSD does not only produce rapid and reversible
psychochemical effects, it also modifies the expres-
sion of certain genes in the mammal brain. An
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experimental study on rats conducted by Nichols
CD. and Sanders-Bush show that LSD doubles C-
fos expression at 90 minutes from administration.
C-fos codes for the nuclear transcription factor
which, in its own turn, controls multiple genes. This
increase in C-fos determines neuronal activation.
The authors describe the activation of other two
genes which code for transcription factors. Another
gene with LSD-increased expression is arc (activity
regulated cytoskeletal-associated protein), an early
gene involved in cytoskeletal rearrangement during
synaptic plasticity.

The authors consider that the described pro-
cessed not only refer to the acute mechanism of
LSD action, but also reflect the beginning of a long
neuroadaptive process.

Gene expression reflects the cellular require-
ments consecutive to the environmental change,
in either physiologic of pathologic circumstances
(Pollok JD., 2002).

In a recent synthesis (2006) Marder E and Goail-
lard JM, analyze the homeostatic mechanisms which
account for the neuronal net stability throughout
the individual’s life. That derives into a similar be-
havior, as median result of processes of maximum
complexity.

Man and animals with long life span have neu-
rons which live and function for several decades. As
opposed to the per-say neurons, the ionic channels,
synaptic receptors and the components of signal
transduction pathways are continually recycled
in the membrane and replaced, with a half-life of
minutes, hours or weeks. The neurons constantly
reconstruct themselves, using their own molecu-
lar mechanisms to that end. These mechanisms
allow for plastic modification of processes such
as development and learning, but also confer a
stability of neuronal function in the context of the
perpetual change in the proteins which confer its
electrophyisiologic characteristics.

In an excellent recent synthesis Tsankova N.
et al (2007) analyses the epigenetic mechanisms
which, through control of gene expression, with-
out altering the genetic code, can generate stable
changes of cerebral functions. The altering of gene
expression is considered a molecular mechanism of
response to chronic environmental changes such as
frequent intake of abuse drugs, other drugs among
which antipsychotics and antidepressants can be
mentioned, chronic stress etc. The induced alterings
can persist for weeks, but the behavioral aspects
are stable and long lasting, even if their molecular
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foundation is not yet defined.

The change in gene expression is consecutive
to chromatin remodeling which is a dynamic
process. Chromatin is a complex which consists
of DNA, histones and other non-histone proteins.
The fundamental unit of chromatin is composed
of nucleosome (roughly 147 base pairs assembled
round a histone octamer which contains two copies
of each of the histones: H2A, H2B, H3 and H4).
Chromatin can be found inactive outline, called
heterochromatin (does not allow gene transcription)
and under active state, euchromatin, which allows
transcription of individual genes. The authors men-
tion that real-life “live” chromatin can be found in
multiple intermediate phases.

Chromatin remodeling is done through covalent
reaction of the aminoacid residuum found on the
histones’ amine group. At this level acetylation,
ubiquitination, methylation, phosphorylation and
ADP ribosylation take place. Hyperacetylation bears
the result of dispersed chromatin and increasing
gene activity. Methylation can either lead to gene
activation or repression, as can phosphorylation.
The mentioned processes are controlled by enzy-
matic systems such as histone-acetyl-transferase,
histone-deacetylase or methyl-transferase.

Another mechanism for gene repression is DNA
methylation through transfer of a methyl group from
S-adenosyl-methionine to the cytosine residuum of
the CpG dinucleotide sequence through the action
of DNA methyl transferase. Chromatin remodeling
is involved in neurodevelopment but is also impor-
tant is the regulation of mature neurons.

Chromatin remodeling is thus correlated with
gene activation or repressing through synaptic
activity.

Certain external stimuli produce rapid alterings
in cerebral histones — cocaine and antipsychotics
lead to H4 histone acetylation and striate H3 histone
phosphoacetylation. The most obvious of histone
alterings takes place in immediate-early genes such
as C-Fos. C-Fos transcription is rapidly induced by
various factors such as cocaine, antipsychotics and
convulsions.

Which are the steps through which neuronal
activity and synaptic transmission send signals to
the nucleus for the regulation of enzymes and other
such chromatin remodeling proteins? One of the
important neural genes is BDNF (Brain-derived
neurotrophic factor) which is regulated by chro-
matin remodeling.

The epigenetic mechanisms are probably used
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for maintaining both cellular memory (for example
the safeguarding of differential characteristics) as
for preserving and strengthening the synaptic con-
nections which uphold the long term behavioral
changes (Colvis CM. et al.,, 2005).

The cognitive and behavioral deterioration in
schizophrenia are widely known and accepted (in a
synthetic way these characteristics have a defining
significance for the disease in question), as they
are also mentioned in certain other psychological
dysfunctions such as depression or bipolar dis-
ease (Lieberman JA., 1999). These phenomena are
correlated, (proven through imagistic display or
post-mortem), with neurodegenerative processes,
particularly with increased neuronal mortality rate
without compensation through neurogenesis (we
shall revisit this aspect upon correlating it to the
effect of antidepressants and antipsychotics).

According to Gratacos M. et al (2007) the phe-
nomenon of synaptic plasticity altering and of BDNF
is a common element in schizophrenia and also
comports consecutive drug abuse or eating disor-
ders. In a recent clinic study Gama CS. et al (2007)
observed the effects of antipsychotic medication
(clozapine, typical and atypical antipsychotics) on
the plasma BDNF level. The selected patients were
stabilized and had no prior admission in the past
5 years. The BDNF level in schizophrenic patients,
under treatment, was considerably higher compared
to the determined level in healthy volunteers. No
differences were noticed in BDNF levels under
clozapine, typical and atypical antipsychotics. The
authors consider that the increased BDNF level
might be a reaction to the neurodegenerative dete-
rioration or it might be consecutive to the fact that
during the chronic phase the metabolic aggression
on the brain is reduced. The authors believe that this
increase in BDNF correlates to the evolutive course
of schizophrenia itself or can be a consequence of
administration of antipsychotics.

In a review paper, Klan E. and Dever Th.E.
(2004) analyze the molecular mechanisms of syn-
aptic plasticity and long term memory (which need
proteine synthesis), aspects correlated to gene ex-
pression modification. In this circumstance BDNF
or glutamate R agonists induce the synthesis of new
proteins, the local synthesis playing an essential role
in synaptic plasticity and memory. The signaling
pathways couple various membrane receptors with
the onset of protein synthesis translation, with a
subtle neuronal regulation of this process, as re-
sponse to a particular synaptic impulse.
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According to Manji HK. et al., (2003), the acute
symptomatology of schizophrenia is at least partially
modulated by the dopaminergic and glutamatergic
signaling, while the chronic course of the disease
is mediated by disturbance in neuronal develop-
ment, maturation and functional plasticity (quoting
Hirrsch and Weinberger, Schizophrenia, Blackwell
Sci, Malden, MA, 2003 and Lewis DA., Lewitt P,
2002).

Takahashi M. et al (2000) demonstate that
BDNEF is considerably increased in the hippocampus
(2-3 times) and in the anterior cingulate gyrus in
schizophrenics compared to control. Other previ-
ous research showed that various altered molecular
markers are results of the antipsychotic treatment.
In the present study, an apparent dissociation isn’t
made between those treated with antipsychotics and
those who withdrew themselves from the treatment.
Is there any lasting effect post discontinuance?

In rats, the chronic haloperidol treatment does
not increase but on the contrary, it decreases the
BDNEF level (authors note: in normal, healthy rats!).
The authors believe that the high BDNF level in
schizophrenia is a characteristic of the disease and
not a consequence of the antipsychotic treatment.
The BDNF receptor level, respectively Trk B level is
low in the corticolimbic structures in schizophrenia
and it inversely correlates to the BDNF level in the
hippocampus.

The authors wonder if that particular decrease
is the result of heightened BDNF release or if it’s a
disease correlated fault. Either way, BDNF signaling
is perturbed.

The BDNF expression is influenced by various
neurotransmitters out of which an intensely positive
role belongs to glutamate. The compounds which
are NMDA receptor antagonists decrease the BDNF
expression in the hippocampus in rats or reduce
the cerebral circulation in the respective areas in
patients.

The authors notice that this increase in BDNF
expression in schizophrenia cannot be explained
by local neuronal excitability. BDNF/Trk B ab-
normalities in schizophrenic patients can make
for a molecular foundation both for the structural
and phenotypical dysfunctions in the respective
disease.

In a metaanalysis on BDNF populational poly-
morphism in drug abuse, eating disorders and
schizophrenia, Gratacos M. et al (2007) discern
that the BDNF allele Val 66 Met increases by 83%
the risk for eating disorders but confers protection
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from substance abuse. The Met variant (allele) of
BDNEF which protects from drug abuse is also a risk
factor for eating disorders and schizophrenia. In a
synthesis by Angelucci F. et al (2005) the decrease
of BDNF in schizophrenics is emphasized in cortical
areas and in the hippocampus and decrease of Trk
B and BDNF receptor in the respective patients’
serum. BDNF gene polymorphism is associated to
schizophrenia.

Trk B receptor knock-out mice present be-
havioral symptoms similar to those replicated for
schizophrenia in mice (Zorner B. et al, 2003). Ac-
cording to Angelucci et al the abnormal expression
of BDNF produces neurodevelopment dysfunc-
tion and/or cytoarchitecture plasticity altering in
adults, generating schizophrenia or depression;
the antipsychotics or antidepressants counteract
the neurotransmission and plasticity dysfunctions
in schizophrenia or depression through regulariza-
tion of BDNFE.

Addressing the problem of the onset antipsy-
chotics effect is unavoidable in the context of the
present data which mentions altering of a factor
which is essential to the cerebral function. Antip-
sychotics generate such considerable effects. We
shall tackle the early (days) or late (weeks, months)
onset of the effects.

In a recent study Kapur S. et al (2005) brought
supplementary proof of early onset for the antip-
sychotic effect, as opposed to the general opinion
that the effect is late, slowly progressive. In the
forementioned study the authors use injectable
administration of haloperidol and olanzapine,
compared to placebo in patients with agitation
symptoms. They demonstrate antipsychotic effects
which are distinct compared to those which address
agitation or other behavioral signs. The authors
critically present the respective data, stressing on
the injectable administration compared to the oral
one, on the span of the ,wash-out” interval issue for
the studied patients and on the fact that this study
only refers to the two mentioned antipsychotics.

The authors remind that both haloperidol and
olanzapine occupy over 80% of the D2 R in striate
and extrastriatal areas within the first hours subse-
quent to administration. The time span differences
for attaining the maximum plasma concentration
by haloperidol and olanzapine after intramuscular
or oral administration differs by 4-5 times (40-60
minutes compared to 4-6 hours for haloperidol,
0,5 hours compared to 3,5 hours for olazapine,
respectively). The given differences cannot account
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for the late onset of the antipsychotic effect, which
is a paradoxal and relatively infrequent aspect for
pharmacotherapy. In this case, the authors refer
to the dissociation between the early D2 receptor
occupancy and the late onset of the antipsychotic
effect. For pharmacologists, this late effect suggests
the involvement of a link which has the consequence
of resetting a highly complex system by rearrang-
ing receptor population, changing the quantitave
neuromediator/receptor ratios, synthesizing certain
synaptic components, synaptic plasticity etc.

The discussion on dopaminergic receptors
modulation process was reiterated at one time
with interpretation of mechanisms for aripiprazole
psychopharmacological effects. It was interpreted
as modulation, in a first phase, and stabilization,
subsequently, with known therapeutic conse-
quences. In this context, we have suggested that
D2 R modulation by a partial agonist may be fol-
lowed by reseting, in the context of dopaminergic
system interrelations with other neurotransmitters
systems and only at this stage we can talk, eventu-
ally, about stabilization as a long duration process
(Voicu VA, 2005).

The idea of optimal modulation of D2 recep-
tors appears some years prior and it is considered
as necessary and sufficient condition in order to
obtain antipsychotic activity (Kapur S. and See-
man P, 2001).

What is intriguing is the fact that the issue
of antipsychotic (and antidepressant) effect onset
preoccupies the world of psychopharmacologists,
thus struggling for balance between the action
particularities of the respective compounds and
the genesis of the antipsychotic effect in a system
where the receptor population counter-regulations,
the neurotransmission regulation and the response
of the involved structures for preservation of the
complex function of the neural net are notorious.

To this respect we evoke the issues correlated to
plastic altering of the synapses preceded by changes
in the expression of certain genes consecutive to
long term blocking of the receptors in the concerned
areas in the pathogenesis of schizophrenia (Hyman
SE. and Nestler EJ., 1996).

Kapur S. et al (2001) mentions that dopamine
depletion through alpha-methyl-p-tyrosine pro-
duces a major antipsychotic effect in 48 hours,
suggesting that the interruption of the dopaminergic
transmission on D2 R level is the immediate ,media-
tor” of the antipsychotic response. In our opinion,
this evokes the depletion effects of reserpine on
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cerebral and peripheral of monoamines (DA, NA
and A), effects considered at that time “neuroleptic”
(through monoaminergic depletion and receptors
hypersensitization), with consequences which now,
looking back, illustrate the current progresses in
pharmacologic control of the dopaminergic dys-
function in schizophrenia.

In a recent article, Li M. et al (2007) reassess
the issue of the apparent temporal dissociation
between virtually immediate blocking (hours) of
dopaminergic D2 R and the symptomatic amelio-
ration of schizophrenia which only manifests after
2-3 weeks. Further research, such as the ones we
have presented, evoke an onset within the first day
or within the first week with exponential growth
of symptomatic amelioration during the next 2-3
weeks. It must mention the fact that the therapeutic
benefit is more prominent as growth rate within
the first few days.

Kapur S. et al (2005) bring supplementary proof
to favor their option on early onset of the antipsy-
chotic effect on an experimental behavior model,
respectively the conditioned avoidance response in
a rat under antipsychotic treatment (haloperidol
and olanzapine) compared to a rat under tranquil-
izing (anxiolytic) treatment with chlordiazepoxide.
They notice that only after repeated antipsychotic
treatment, (not subsequent to anxiolytic treatment),
a progressive downward slope with early onset of
avoidal response can be discerned. This type of
phenomenon disappears after discontinuing the
antipsychotics. The authors consider that the early
diminishing phenomenon of conditioned avoidance
produced by antipsychotics and not by anxiolytics
cannot be attributed to the plain sedation through
secondary motor effects. In our opinion, though,
the sedative and/or anxiolytic effects of the two
substance classes are accomplished, at least par-
tially, by distinct pharmacodynamic mechanisms
and are not comparable. One may ask what will
be the consequence in case of comparison with an
non-sedativ anxiolytic of buspirone type (5HT1A
agonist) (Ichikawa J. et al, 2001).

Neuroplasticity manifests through the reorga-
nization of synaptic connections as response to
environmental changes. In this process, a consider-
able role is played by cortical inhibitor as the main
component of the balance between inhibitory and
excitatory processes (Daskalakis ZJ. et al, 2007).
A function of major importance to the cortical
inhibition is the mediation of cognitive operations,
memory included. The morphologic foundation
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for cortical inhibitory processes is represented by
GABA interneurons, as Benes’ FM. et al. (1991)
research points out.

The inhibitory deficit of GABA interneurons
produces an excessive inhibition through dop-
amine on the cortical GABAergic neurons with
the consequence of increasing cortical excitability,
respectively a non-modulated cortical activation
with psychotic and neuromotor abnormalities. The
critical endophenotype configured by inhibitory
GABA deficit in schizophrenia accounts for the
psychotic and cognitive dysfunction in schizophre-
nia (Daskalakis ZJ. et al., 2007). The pharmacologic
control via facilitating GABA activity by atypical
antipsychotics is proof of the validity of these in-
terpretations (clozapine).

Neurobiological modulation - resetting and
pharmacotherapeutic effects of antipsychotics

The consequences of long term administration
of antipsychotics (and other additional drugs) are
apparent on the expression of the genes which con-
trol the targets for the respective compounds. The
outcome is the increase or altering of the expression
of genes such as those which control the synaptic
function, intracellular calcium concentration, K*
channel expression, 5-HT?2 receptor expression, that
of the DA system, signal transduction, transcription
regulation etc.

The plasticity processes in neuronal circuits
along with neurogenesis in adults represent phe-
nomena which reflect the quintessence of the
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complex biologic systems’ assembly: stability and
flexibility. The blend of stability and flexibility can
be noticed in the whole genome. The newly shaped
neurons which emerge in certain regions of the
brain (the hippocampus and olfactive bulb) have
adaptive functions which are priorly stipulated and
different from those of the preexisting neurons and
can eventually even replace dead neurons.

Cerebral plasticity deals with the brain’s ability to
change its structure and function in the maturation
or learning processes, in environmental changes
or in pathology. In other words, cerebral plasticity
is an adaptive response to the challenges brought
upon the organism by the environment of its own
internal setting (Lledo PM et al., 2006).

In Figure. 4 we present an outline of these
interrelations.

These changes comport mechanisms which are
involved in different levels of molecular structur-
ing, and which occur in system alterings which
concomitantly address neural elements, supportive
glial structures and afferent blood vessels.

In brain pathology, including psychiatric dys-
functions (together with experimental models)
we notice alterings in the morphology of neuron
subpopulation, neurochemical modifications in the
synaptic cleft, altering of the intracellular signaling
and changes in gene expression (Tsankova N. et
al, 2007).

Gene expression regulation is a molecular
mechanism which might mediate the stable adjust-
ings and the cerebral misadaptations.

Regulation
Antipsychotics Striate | Cortex
D2 D4 D1 D5 D2 D4 D1 D5

TYPICAL

Chlorpromazine i i - — 0 1 l 1

Haloperidol 1 1 <—> P 1 1 l 1

Molindone 1 — > > 0 - ! !

Pimozide 1 > TN > 1 P 1 !
ATYPICAL

Clozapine — 1 > - 1 1 l 1

Olanzapine — i — - i 1 1 i}

Remoxipirid 1 - > - 1 PN ! !

Risperidone T i — — i i l l
NON-ANTIPSYCHOTIC

Tiaprid (D2 blocant) i i — - — 1 1 1

Table V —D1/D2 regulation — A new equilibrium. The effect of chronic antipsychotic treatment of the level of
mARN which codes varied dopaminergic R in the cortex and in the neostriate (modified after Lidow et al, TIPS,

1998, 19, April, 136-140)
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GENOTYyPE

Individual genetic
configuration

or influences
rhe response to:
J
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-Psychotropic medicines
and abuse drugs
-Nutritional status;
-Physical factors;
-Infections;

-Psychosociale experiences;

Determines and/

Genom

Modify or alter the
genes expression

-Education (training).

4

Modify the development and
function of the cells, neuronal
population, behavior,
neuroplasticity, neurogenesis

Figure. 4 — The dynamic interrelations between the genome and the environmental factors as a whole. The

(epigenetic) consequences on gene expression

The psychiatric therapy with chronic administra-
tion virtually needs to manage the patient up to a full
recovery. This context comports the understanding
of the molecular mechanisms behind reversing the
alterations in schizophrenia, respectively through
pharmacodynamic mechanism (Tsankova N. et al,
2007) on one hand and also the complex conse-
quences of this initial phase and the achievement
of therapeutic antipsychotic effect.

The nervous system rapidly adapts to environ-
mental changes without genetic mutations through
the coordination and correlation of external and
internal data. Thus, a functional response is elabo-
rated through complex effectors systems which
manage to maintain homeostasis.

The harmonic merging of two tendencies: stabil-
ity and flexibility can be obtained by the organism
through a continual change of gene expression
regulation (epigenetic mechanisms) only through
chromatin reshaping with no modification in the
DNA sequence (Colvis CM. et al, 2005). This neuro-
biologic concept of chromatin remodeling explains
how, through gene expression altering (which can
become transmissible) at neuronal and glial level,
long lasting behavioral changes occur. These aspects
have a solid scientific foundation, relevant both
clinically and experimentally.

The data outlined in this synthesis permits
acknowledgement that multireceptor effects of

antipsychotics are concluded by regulations and
counter-regulations of the processes which cor-
respond to different neurotransmissions (receptor
activation or inactivation, quantitative changes in
the synthesis and release of neuromediators, altering
homeostatic function interrelation between various
interconnected neuromediation systems etc.) (Fig-
ure 4). These low-latency homeostatic phenomena
serve as signals for other, slower, more complex
phenomena involving altering the expression of
certain genes which code for the synthesis of the
involved cerebral receptors (up and downregula-
tion) (Lidow et al., 1998) synthesis, transportation,
depositing and release of neuromediators, synaptic
plasticity and/or neuroplasticity. In the given context
we could mention a pharmacotherapeutic phase,
if this brings relevant data, with the clinical frame
stabilizing.

The process of gene expression modulation
consecutive to the impact of environmental condi-
tions (which include chronically administered drugs,
abuse drugs, smoking etc.) (Voicu VA., 2005) can
be considered the organism’s engine for adapting
and evolving.

All these complex processes generated by an-
tipsychotics have unavoidable consequences on
the symptomatology of schizophrenia, the receptor
level interaction being considered an initiation of a
complex process which shall generate a new equilib-
rium produced through alterings in the expression
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of the target genes. If the genome is characterized
by stability, the epigenetic altering can explain the
variability of inter- and especially intraindividual
response to antipsychotics.

As a consequence of the complex actions initi-
ated by antipsychotics in the pharmacodynamic
phase, an intricate process of resetting for the
systems which are gravely altered in schizophrenia
has been thought-up. The resetting of the system is
beneficial and possibly relevant for the end-point
of antipsychotic therapy.
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