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Abstract: The therapeutic agents currently used to treat schizophrenia effectively improve psychotic symptoms; however,
they are limited by adverse effects and poor efficacy when negative symptoms of the illness and cognitive dysfunction are
considered. While optimal pharmacotherapy would directly target the neuropathology of schizophrenia neither the under-
lying neurobiological substrates of the behavioral symptoms nor the cognitive deficits have been clearly established. Ab-
normalities in the neurotransmitters dopamine, serotonin, glutamate, and GABA are commonly implicated in schizophre-
nia; however, it is not uncommon for alterations in the brain cholinergic system (e.g., choline acetyltransferase, nicotinic
and muscarinic acetylcholine receptors) to also be reported. Further, there is now considerable evidence in the animal lit-
erature to suggest that both first and second generation antipsychotics (when administered chronically) can alter the levels
of several cholinergic markers in the brain as well as impair memory-related task performance. Given the well-established
importance of central cholinergic neurons to information processing and cognition, it is important that cholinergic func-
tion in schizophrenia be further elucidated and that the mechanisms of the chronic effects of antipsychotic drugs on this
important neurotransmitter system be identified. A better understanding of these mechanisms would be expected to facili-
tate optimal treatment strategies for schizophrenia as well as the identification of novel therapeutic targets. In this review,
the following topics are discussed: 1) the central cholinergic system in schizophrenia 2) effects of antipsychotic drugs on
central cholinergic neurons 3) important neurotrophins in schizophrenia, especially those that support central cholinergic
neurons; 4) novel strategies to optimize the therapeutics of schizophrenia via the use of cholinergic compounds as primary

of

(i.e., antipsychotic) treatments as well as adjunctive, pro-cognitive agents.
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INTRODUCTION

Schizophrenia is a chronic neuropsychiatric illness that
affects approximately 1% of the world’s population. Core
features of the disease [reviewed, 3] include positive symp-
toms (e.g., hallucinations, delusions), negative symptoms
(e.g., anhedonia, alogia, depression) and cognitive dysfunc-
tion (e.g., impaired working memory, attention, cognitive
flexibility). This debilitating array of clinical symptoms
commonly requires life-long therapeutic intervention. The
primary therapeutic agents used for schizophrenia (i.e., the
antipsychotic drugs) have been shown in multiple clinical
trials to improve the behavioral (i.e., primarily positive)
symptoms in most schizophrenic patients. However, the
older, conventional agents (also referred to as typical or first
generation antipsychotics) are limited by a number of ad-
verse reactions including motor effects (e.g., Parkinsonian
symptoms and tardive dyskinesia). Likewise, the newer
agents (referred to as atypical or second generation antipsy-
chotics) are now associated with several long term side ef-
fects including abnormal weight gain, development of diabe-
tes mellitus, and hyperlipidemias [reviewed, 35].

An important limitation to strategies for novel drug de-
velopment is the relatively poor understanding of the neuro-
pathology of schizophrenia. In postmortem brains of schizo-
phrenic patients, evidence of reduced neuronal size, neuropil
loss (particularly synaptic elements), decreased cortical
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volume, and abnormal synaptic organization is substantial
[39]. In addition, abnormalities in the neurotransmitters do-
pamine, serotonin, glutamate, and GABA (and their recep-
tors) are also commonly implicated the neuropathology of
schizophrenia. While the abnormalities described above are
widely postulated to be neurodevelopmental in origin, the
brains of antipsychotic-naive schizophrenic patients have
only rarely been analyzed. Thus, the possible contribution of
chronic drug exposure to such neuropathological findings
and neurotransmitter alterations is largely unexplored. In
addition to the neurotransmitter receptor abnormalities de-
scribed above, both the therapeutic actions and adverse ef-
fects of antipsychotic drugs have for decades been attributed
to their relative affinities for specific neurotransmitter recep-
tors [98]. The mechanism of action of conventional antipsy-
chotics is most often attributed to their high affinity as an-
tagonists at the dopamine (D,) receptor subtype in the CNS,
whereas the mechanism of newer, second generation com-
pounds is commonly attributed to a weaker affinity at D,
receptors combined with antagonist activity at other sites,
such as the 5HT,5 serotonin receptor [reviewed, 66]. It
should be noted, however, that such receptor interactions
occur almost instantaneously whereas many of the therapeu-
tic effects and adverse reactions of antipsychotics can be
observed only after chronic treatment periods. Thus, collec-
tively, the information described above indicates that neither
the neuropathology of schizophrenia nor the mechanism of
action of effective therapeutic modalities is well understood.
There is, therefore, a critical need for additional (i.e., more
extensive) research to improve our understanding of both of
these important subjects since the absence of such informa-
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tion limits decisions concerning optimal therapeutic strate-
gies as well as the development of new treatments for
schizophrenia.

THE CHOLINERGIC SYSTEM IN SCHIZOPHRENIA

Notwithstanding the neurotransmitter anomalies de-
scribed above, it is also not widely appreciated that altera-
tions in markers for the neurotransmitter, acetylcholine have
been commonly reported in schizophrenia [80, 91]. Such
data may be significant to both the psychotic symptoms and
the cognitive deficits of the illness. Cholinergic deficits in
basal forebrain structures and their projections in schizo-
phrenia (see below) may be of particular importance to the
cognitive dysfunction given their known functional roles in
conscious awareness, and components of information proc-
essing, including attention, working memory, encoding,
memory consolidation, and retrieval [36, 74].

It has been known for many years that anticholinergic
compounds when administered in high doses can induce
psychosis. For example, muscarinic antagonists such as sco-
polamine or atropine can evoke a psychotic state termed “an-
ticholinergic syndrome” or “antimuscarinic psychosis” which
shares many features with endogenous schizophrenia [18, 42,
56, 61, 64, 72, 73, 102, 105]. Other non-selective mAChR
antagonists (e.g., Ditran) were also found to induce psycho-
sis in normal humans and to exacerbate the symptoms of
schizophrenia [68]. Further, the antimuscarinic agent, pro-
cyclidine, was reported to block the effects of the conven-
tional antipsychotic flupenthixol on positive symptoms in
schizophrenia patients [45].

For more than 30 years alterations in the acetylcholine
synthesizing enzyme, choline acetyltransferase (ChAT), in
schizophrenia have been reported [see ref 55]. Examples
include ChAT alterations in the septum [60], nucleus accum-
bens, and pontine tegmentum [8, 46]. Elevated levels of cho-
line, the precursor to acetylcholine, have also been detected
via magnetic resonance spectroscopy in thalamic, anterior
cingulate, and caudate nucleus regions of antipsychotic-naive
patients [15, 95], possibly indicative of impaired ChAT ac-
tivity.

There is also considerable evidence of muscarinic acetyl-
choline receptor (mAChR) alterations (particularly M; and
M) in schizophrenia. These mAChR subtypes are known to
play important roles in several signaling pathways that
modulate neuronal excitability, synaptic plasticity, and learn-
ing and memory [97, 99]. Further, these mAChR subtypes
are the ones expressed in highest quantities in the mammal-
ian brain. Older studies reported increased M,/M, receptor
binding in the orbital frontal cortex and putamen [70, 100]
and decreased binding in frontal, parietal, and temporal cor-
tices [6] in schizophrenic brains, while more recent studies
indicate decreases in M;/My receptor binding in the striatum,
hippocampal formation, prefrontal cortex, and anterior cin-
gulate cortex [25, 22, 47]. Deficits in M,/M, receptors as
well as cholinergic interneurons in the striatum of schizo-
phrenic brains have also been reported [21].

There is also credible evidence to support the argument
that both high and low affinity nicotinic acetylcholine recep-
tors (nAChRs) are diminished in schizophrenia. High-affinity
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(heteromeric o4f, subunit complexes) and low-affinity (ho-
momeric 0;) nAChRs are ligand (i.e., neurotransmitter) gated
ion channels that have been implicated in a variety of learn-
ing and memory processes [52]. In mammalian brain, the
0P, nAChR subtype of high-affinity nAChR predominates
in density and distribution compared with other subtypes
[75]. Several comparative autoradiographic studies of post-
mortem tissues from schizophrenic patients indicate de-
creased o4, nAChR binding in several brain regions includ-
ing the striatum, hippocampus, and cortex compared with
controls [11, 27, and review, 33]. There is also significant
evidence of alterations in low affinity oi; nAChR deficits in
schizophrenia. 0; nAChRs comprise approximately 10% of
the total number of nAChRs in mammalian brain, but modu-
late a variety of calcium-dependent events in neurons includ-
ing neurotransmitter release [37, 59], postsynaptic signaling
[17, 41] and neuronal survival [7, 62]. Evidence of oy
nAChR alterations in schizophrenia includes postmortem
deficits in the hippocampus and frontal cortex [38] and link-
age analyses implicating chromosome 15q14 (the region that
includes the o; neuronal nAChR gene). Polymorphisms in
the core promoter of the o7 neuronal nAChR gene (CHRNA7;
GeneBank accession no. Z23141) are associated altered P50
evoked responses to repeated auditory stimuli (i.e., indicative
of sensory gating abnormalities) in schizophrenia [reviewed,
32]. o7 nAChR deficits may also contribute to other abnor-
malities in schizophrenia including deficits in smooth pursuit
eye movements, sustained attention, and cognition [reviewed,
57]. Collectively, these findings have lead to the suggestion
that a reduction in o; nAChR expression could potentially
serve as a biomarker for schizophrenia [34, 76].

RELEVANT NEUROTROPHINS

The important role of neurotrophins in the pathophysiol-
ogy and pharmacotherapy of schizophrenia is gaining inter-
est [14, 85]. Neurotrophins, including nerve growth factor
(NGF) and brain-derived neurotrophic factor (BDNF), and
their respective receptors serve important roles in neurode-
velopment [58], while, in the mature nervous system, they
promote neuronal survival and modulate synaptic plasticity
of dopaminergic, serotonergic, and interestingly, cholinergic
neurons [30, 23, 50]. Like NGF [20, 51], BDNF promotes
survival and differentiation of basal forebrain cholinergic
neurons [29], stimulates the release of acetylcholine [49] and
supports the maintenance of synaptic plasticity and cognitive
processes [67]. To date, however, only a relatively few stud-
ies have been designed to investigate the potential role of
neurotrophin alterations in schizophrenia. Bersani and col-
laborators [9] reported diurnal plasma fluctuations in NGF
(i.e., higher levels in the morning and lower levels in the
evening in schizophrenics, compared to controls), while
Parikh et al., 2003 [71] detected lower plasma NGF levels
(compared to controls) in first episode, never medicated
schizophrenic patients, as well as chronically-treated pa-
tients. Regarding BDNF, in one postmortem study, signifi-
cant increases in cortical areas and significant decreases in
the hippocampus were detected in schizophrenic patients
compared with controls. [28]. Takahashi er al., 2000 [87],
detected elevated levels of BDNF specifically in the anterior
cingulate cortex and hippocampus of schizophrenic patients,
while the BDNF receptor TrkB was reduced in the hippo-
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campus and prefrontal cortex. In another study, both BDNF
and TrkB mRNA levels were significantly decreased in the
prefrontal cortex of subjects with schizophrenia [40].

The effects of antipsychotics on neurotrophins are even
less well-understood and, to date, most conclusions rely on
animal studies. In rodents, both acute (3 days) and sub-
chronic (21 days) exposure to haloperidol decreased the lev-
els of BDNF in the prefrontal cortex, hippocampus, and
amygdala. Decreased BDNF concentrations [4] and de-
creased expression of BDNF mRNA [54] were also observed
after risperidone and clozapine administration. Angelucci
and collaborators [4] reported that subchronic (29 day)
treatment with haloperidol or risperidone in rats increased
NGF immunoreactivity in the hypothalamus, but decreased
levels in the striatum and hippocampus. These researchers
more recently [5] found that 29 days of oral olanzapine
treatment increased NGF in the hippocampus, occipital cor-
tex and hypothalamus, but decreased BDNF in the hippo-
campus and frontal cortex. The results of recent studies in
our laboratory indicate that the effects of conventional and
second generation antipsychotics on NGF are temporally
dependent, specifically; they can be very different depending
on the length of time of administration. Specifically, while
NGF levels in the hippocampus were either unchanged or
upregulated in rats in response to several antipsychotics dur-
ing short periods of treatment (7, 14, and 45 days) they were
significantly decreased by haloperidol, chlorpromazine,
olanzapine, and risperidone when continuously administered
orally for 90 or 180 days [78, 90].

ANTIPSYCHOTICS AND CENTRAL CHOLINERGIC
FUNCTION: DELETERIOUS EFFECTS

Taking into consideration the information provided
above, an interesting question arises as to what extent antip-
sychotic drugs affect the central cholinergic system. The
conventional antipsychotics, thioridazine and chlorpromaz-
ine, and the atypical agents, clozapine and olanzapine bind
all of the known muscarinic acetylcholine receptor subtypes
with relatively high affinity [reviewed, 16], although the
significance of this binding to the therapeutics and adverse
effects is unknown. Both conventional and atypical antipsy-
chotics have been observed to increase acetylcholine levels
in the hippocampus of rats [84], although the effects of the
atypical agents, clozapine and olanzapine, were more robust.
Further, the atypical agents, clozapine, olanzapine, risperi-
done, and ziprasidone significantly increased acetylcholine
release in rat medial prefrontal cortex, whereas the haloperi-
dol and thioridazine did not [44]. These differential effects
on acetylcholine release were hypothesized (in the studies
cited above) to underlie the reported superiority of atypical
antipsychotics on cognitive function when compared to con-
ventional agents. However, it is unclear whether such effects
would persist for extended periods of time (i.e., the more
clinically relevant question regarding antipsychotics). It is
also unclear whether such an acute effect would actually be
beneficial to cognition; given the fact that muscarinic an-
tagonists such as atropine and scopolamine (i.e., drugs that
impair cognition) are well-documented to acutely elevate
acetylcholine levels in a number of regions of the brain in-
cluding the hippocampus and cortex [24, 65].
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There is significant evidence to indicate that chronic
treatment with antipsychotic drugs alters cholinergic func-
tion. It has been known for many years that conventional
antipsychotics can produce time-dependent (biphasic) cho-
linergic responses in the striatum of animals. This effect has
been implicated as a potential mechanism of the adverse
motor effects of conventional antipsychotic in humans. Spe-
cifically, an increase in the activity of cholinergic interneu-
rons in the striatum induced by conventional antipsychotics
initially appears to correlate with the extrapyamidal side ef-
fects in humans, whereas more prolonged periods of expo-
sure correlate with decreases in cholinergic activity below
baseline (i.e., effects that correspond with the emergence of
tardive dyskinesia [63]. Such effects may also account for
the ability of anticholinergic drugs such as benztropine and
diphenhydramine to reduce extrapyamidal side effects of
conventional agents during early use, and their lack of effi-
cacy (or tendency to exacerbate symptoms) in tardive dyski-
nesia. In light of a possible cholinergic basis for antipsy-
chotic-related extrapyramidal effects and TD, another logical
question arises as to whether such cholinergic effects might
influence information processing and cognition, since cho-
linergic interneurons in the striatum are now known to ex-
hibit long term potentiation (LTP) and to play an important
role procedural learning [48]. We recently detected biphasic;
time-dependent effects of both first and second generation
antipsychotics in memory-related brain areas such as the
hippocampus in rats [90, 91, 94]. In fact, we now have con-
vincing evidence of time-dependent changes resulting from
antipsychotics in the vesicular acetylcholine transporter, the
cholinergic enzyme, choline acetyltransferase, as well as
nicotinic (0;) and muscarininc (M;) acetylcholine receptors
[88, 89, 90, 93]. As in the case of the unexplained mecha-
nisms that underlie the time dependence of the therapeutic
effects of antipsychotic drugs (discussed in the Introduction),
the mechanisms for the long term antipsychotic-related cho-
linergic alterations are unknown. We have proposed two
potential mechanisms: antipsychotic antagonist activity at
dopaminergic-D, receptors on cholinergic neurons (leading
to cholinergic dysregulation) and, adverse antipsychotic ef-
fects on neurotrophins that support cholinergic neurons such
as nerve growth factor and brain derived growth factor (see
review [91]).

ANTIPSYCHOTICS AND CENTRAL CHOLINERGIC
FUNCTION: THERAPEUTIC IMPLICATIONS

Reports of cholinergic deficits in schizophrenia (de-
scribed above), have given rise to cholinergic strategies for
improving both the psychotic symptoms and cognitive defi-
cits in schizophrenia. More than 50 years ago Pfeiffer and
Jenney [77] reported antipsychotic effects of the choli-
nomimetic compound arecoline in schizophrenic patients.
Further, acetylcholinesterase inhibitors (e.g., donepezil, gal-
antamine) [reviewed, 103] and the muscarinic M;/M, prefer-
ring receptor agonist, xanomeline have been reported to im-
prove behavioral symptoms in Alzheimer's disease patients
[10]. This information combined with the aforementioned
cholinergic deficits observed in schizophrenia has provided
the basis for the idea of evaluating compounds such as ace-
tylcholinesterase inhibitors (AChEIs), mAChR agonists,
nAChR agonists, or allosteric activators of mAChR and
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nAChRs as therapeutic agents in schizophrenia [reviewed,
33, 19]. Among these approaches, one that appears to be
gaining momentum is the evaluation of mAChR agonists and
allosteric activators of mAChRs. Neurochemical and behav-
ioral studies in mAChR-mutant mice indicate that M, and/or
M, receptors (in particular) might serve as important thera-
peutic targets for schizophrenia [reviewed, 101]. Accord-
ingly, the M;/M, preferring muscarinic agonist, xanomeline
(in addition to its positive effects on the behavioral symp-
toms of AD noted above) demonstrates an antipsychotic-like
profile in the rat [86] and it has been shown to improve both
positive and negative symptoms in schizophrenic patients
(study published in abstract form, [83]). Most recently,
highly selective allosteric potentiators of the My mAChR
(e.g., VU10010) and the M; mAChR (TBPB) have been de-
veloped and shown to have robust effects in several animal
models commonly used to predict antipsychotic activity [re-
viewed, 19]. Clinically, the approach that has been evaluated
most extensively to date (i.e., and published) has been the
adjunctive administration of AChEIs (i.e., with antipsychot-
ics) to improve cognitive function. The data from some of
the studies have been equivocal; the beneficial cognitive
effects of donepezil or rivastigmine as add-on treatments
observed in preliminary open-label studies and case reports,
were not confirmed in randomized, double-blind, and pla-
cebo controlled studies [31, 82]. More recently, a small, ran-
domized, double-blind clinical trial (N=8) indicated that ad-
junctive treatment with the AChEI, galantamine, improved
short-term memory and attention in schizophrenic or
schizoaffective patients who were stabilized on risperidone
[81]. Most recently, 86 schizophrenia patients were evalu-
ated in a 12-week double-blind, placebo-controlled, random-
ized clinical trial with 42 subjects assigned to galantamine
and 44 patients assigned to placebo [13]. The treatment ef-
fect for the overall composite score was not significant;
however, follow-up analyses indicated improvements in
processing speed and verbal memory. While such data are
encouraging, additional studies will be required to verify the
validly of adjunctive cholinesterase inhibitors as a reliable
therapeutic approach to cognition enhancement.

As we have reviewed previously [91] there may be sev-
eral factors that underlie the equivocal nature of the studies
cited above, such as cigarette smoking (and thus the con-
founding cholinergic receptor effects of nicotine) by the re-
search subjects, exposure to other drugs of abuse, differences
in the neuropsychological measures employed, etc. Interest-
ingly, smoking rates in the schizophrenic population in North
America have been reported to approach 90 percent in some
studies [43], i.e., more that three times the rate of the general
population and considerably higher than for the rate ob-
served in other psychiatric conditions [26, 96]. A variety of
hypotheses have been presented to explain this phenomenon
including volitional (i.e., self-medication) attempts to over-
come certain schizophrenia symptoms such as depression,
anxiety, and anhedonia (see [69] for review), nAChR deficit-
related impairments of information processing, psychomotor
speed, and cognition [1, 53] as well as to reduce antipsy-
chotic-related side effects. There is evidence to support some
of these hypotheses. Nicotine (for example) has been shown
in a variety of animal and human studies to have anxiolytic
effects [79, 12], to improve information processing and cog-
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nition [53] and to ameliorate some side-effects (e.g.,
akathisia, bradykinesia) associated with first generation an-
tipsychotics [2, 104].

An important factor that could certainly influence re-
sponses to the adjunctive agent is the unique medication his-
tory of the study subject. Specifically, factors such as the
history of antipsychotic drug exposure, the particular antip-
sychotic agent currently being administered, and how long
the patient has been exposed to a particular antipsychotic,
could be especially important to the adjunctive treatment
response. In our chronic animal studies [88, 92], we have
found that several antipsychotics can lead to decreases in
specific cholinergic markers (e.g., a; nAChRs in association
with haloperidol and risperidone). Such findings may indi-
cate that a more patient specific (i.e., tailored) therapeutic
approach (using specific types of cholinergic agents) that
takes into account the unique medication history (and current
antipsychotic therapy) of the patient may be necessary to
improve the symptoms of schizophrenia

CONCLUSIONS

The therapeutics of schizophrenia are particularly chal-
lenging given the heterogeneity of disease symptoms and our
relatively poor understanding of the neuropathology. In order
to effectively address the core features of the illness (i.e.,
positive, negative, and cognitive symptoms), novel strategies
need to be designed that take in to account a number of im-
port patient-specific factors. These factors include the spe-
cific symptom profile, the unique medication history of the
particular patient, and concurrent exposure to other drugs
(e.g., nicotine). Reports of alterations in the brain cholinergic
system in schizophrenic patients combined with animal data
suggesting that chronic exposure to antipsychotics can lead
to cholinergic alterations, provides the impetus for investi-
gating both primary and adjunctive cholinergic strategies to
the pharmacotherapy of schizophrenia.

ACKNOWLEDGEMENTS

This work from the author’s laboratory cited in this arti-
cle was supported by the National Institute of Mental Health
(MH 066233). The author has also provided consultation or
performed research (relevant to this article) either contractu-
ally or in collaboration with a several pharmaceutical and
biotechnology companies including Abbott Laboratories,
Bristol Meyers Squibb, EnVivo Pharmaceuticals, Helicon
Therapeutics, Inc., Janssen Pharmaceutica, KineMed, Lilly,
Lundbeck, Memory Pharmaceuticals, Merck, Pfizer, Percept
Biosciences, Roche Palo Alto, and Targacept, Inc.

REFERENCES

[1] Adler, L.E., Hoffer, L.D., Wiser, A., Freedman, R. (1993) Nor-
malization of auditory physiology by cigarette smoking in schizo-
phrenic patients. Am. J. Psychiatry, 150, 1856-1861.

[2] Anfang, M.K., Pope, Jr., HG. (1997) Treatment of neuroleptic-
induced akathisia with nicotine patches. Psychopharmacology
(Berl.), 134, 153-156.

[3] Andreasen, N.C. (2000) Schizophrenia: the fundamental questions.
Brain Res. Brain Res. Rev., 31, 106-112.

[4] Angelucci, F., Luigi A., Gruber, S.H.M., Fiore, M., Mathe, A.A.
(2000) Chronic antipsychotic treatment selectively alters nerve
growth factor and neuropeptide Y immunoreactivity and the distri-
bution of choline acetyl transferase in rat brain regions. Int. J. Neu-
ropsychopharmacol., 3, 13-25.



290 Current Neuropharmacology, 2008, Vol. 6, No. 3

(5]

[6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

Angelucci, F., Brene, S., Mathe, A.A. (2005) BDNF in schizophre-
nia, depression and corresponding animal models. Mol. Psychiatry,
10, 345-352.

Bennett, J.P. Jr., Enna, S.J., Bylund, D.B., Gillin, J.C., Wyatt, R.J.,
Snyder, S.H. (1979) Neurotransmitter receptors in frontal cortex of
schizophrenics. Arch. Gen. Psychiatry, 36, 927-934.

Berger, F., Gage, F.H., Vijayaraghavan, S. (1998) Nicotinic recep-
tor-induced apoptotic cell death of hippocampal progenitor cells. J.
Neurosci., 18, 6871-6881.

Bird, E.D., Spokes, E.G., Barnes, J., MacKay, A.V., Iversen, L.L.,
Shepherd, M. (1977). Increased brain dopamine and reduced glu-
tamic acid decarboxylase and choline acetyl transferase activity in
schizophrenia and related psychoses. Lancet, 2, 1157-1158.
Bersani, G., Garavini, A., Taddei, 1. Tanfani, G., Nordio, M.,
Pancheri, P. (1999) Computed tomography study of pineal calcifi-
cation in schizophrenia. Eur. Psychiatry, 14, 163-166.

Bodick, N.C., Offen, W.W., Levey, A.L, Cutler, N.R., Gauthier,
S.G., Satlin, A., Shannon, H.E., Tollefson, G.D., Rasmussen, K.,
Bymaster, F.P., Hurley, D.J., Potter, W.Z., Paul, S.M. (1997) Ef-
fects of xanomeline, a selective muscarinic receptor agonist, on
cognitive function and behavioral symptoms in Alzheimer disease.
Arch. Neurol., 54, 465-473

Breese, C., Lee, M.J., Adams, C.E., Sullivan, B., Logel, J., Gillen,
K.M., Marks, M.J., Collins, A.C., Leonard, S. (2000) Abnormal
regulation of high affinity nicotinic receptors in subjects with
schizophrenia. Neuropsychopharmacology, 23, 351-364.

Brioni, J.D., O'Neill, A.B., Kim, D.J., Decker, M.W. (1993) Nico-
tinic receptor agonists exhibit anxiolytic-like effects on the elevated
plus-maze test. Eur. J. Pharmacol., 238, 1-8.

Buchanan, R.W., Conley, R.R., Dickinson, D., Ball, M.P., Feld-
man, S., Gold, J.M., McMahon, R.P. (2008) Galantamine for the
treatment of cognitive impairments in people with schizophrenia.
Am. J. Psychiatry, 165, 82-89.

Buckley, P.F., Mahadik, S.P., Pillai, A., Terry, A.V. Jr. (2007)
Neurotrophins and Schizophrenia. Schizophr. Res., 94, 1-11.
Bustillo, J.R., Rowland, L.M., Lauriello, J., Petropoulos, H.,
Hammond, R., Hart, B., Brook, W.M. (2002) High choline concen-
trations in the caudate nucleus in antipsychotic-naive patients with
schizophrenia. Am. J. Psychiatry, 159, 130-133.

Bymaster, F.P., Felder, C.C., Tzavara, E., Nomikos, G.G., Calli-
garo, D.O., Mckinzie, D.L. (2003) Muscarinic mechanisms of an-
tipsychotic atypicality. Prog. Neuropsychopharmacol. Biol. Psy-
chiatry, 277, 1125-1143.

Chang, K.T., Berg, D.K. (1999) Nicotinic acetylcholine receptors
containing alpha7 subunits are required for reliable synaptic trans-
mission in situ. J. Neurosci., 19, 3701-3710.

Clarke, L.A., Cassidy, C.W., Catalano, G., Catalano, M.C., Carroll,
K.M. (2004) Psychosis induced by smoking cessation clinic admin-
istered anticholinergic overload. Ann. Clin. Psychiatry, 16, 171-
175.

Conn, P.J., Tamminga, C., Schoepp, D.D., Lindsley, C. (2008)
Schizophrenia: moving beyond monoamine antagonists. Mol. In-
terv., 8,99-107.

Counts, S.E., Mufson, E.J. (2005) The role of nerve growth factor
receptors in cholinergic basal forebrain degeneration in prodromal
Alzheimer disease. J. Neuropathol. Exp. Neurol., 64,263-272.
Crook, J.M., Dean, B., Pavey, G., Copolov, D. (1999) The binding
of [3H]JAFDX 384 is reduced in the caudate-putamen of subjects
with schizophrenia. Life Sci., 64, 1761-1771.

Crook, J.M., Tomaskovic-Crook, E., Copolov, D.L., Dean, B.
(2000) Decreased muscarinic receptor binding in subjects with
schizophrenia: a study of the human hippocampal formation. Biol.
Psychiatry, 48, 381-388.

Dawson, N.M., Hamid, E.H., Egan, M.F., Meredith, G.E. (2001)
Changes in the pattern of brain-derived neurotrophic factor im-
munoreactivity in the rat brain after acute and subchronic haloperi-
dol treatment. Synapse, 39, 70-81.

Day, J., Damsma, G., Fibiger, H.C. (1991) Cholinergic activity in
the rat hippocampus, cortex and striatum correlates with locomotor
activity: an in vivo microdialysis study. Pharmacol. Biochem. Be-
hav., 38, 723-729.

Dean, B., Crook, J.M, . Opeskin, K., Hill, C., Keks, N., Copolov,
D.L. (1996) The density of muscarinic M1 receptors is decreased in
the caudateputamen of subjects with schizophrenia. Mol. Psychia-
try, 1, 54-58.

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Alvin V. Terry, Jr.

de Leon, J., Diaz, F.J., Rogers, T., Browne, D., Dinsmore, L.
(2002) Initiation of daily smoking and nicotine dependence in
schizophrenia and mood disorders. Schizophr. Res., 56, 47-54.
Durany, N., Zochling, R., Boissl, K., Paulus, W., Ransmayr, G.,
Tatschner, T., Danielczyk, W., Jellinger, K., Deckert, J., Riederer,
P. (2000) Human postmortem striatal a4b2 nicotinic acetylcholine
receptor density in schizophrenia and Parkinson’s syndrome. Neu-
rosci. Lett., 287, 109-112.

Durany, N., Michel, T., Zochling, R., Boissl, K.W., Cruz-Sanchez,
F.F., Riederer, P., Thome, J. (2001) Brain-derived neurotrophic
factor and neurotrophin 3 in schizophrenic psychoses. Schizophr.
Res., 52, 79-86.

Fahnestock, M., Garzon, D., Holsinger, R.M., Michalski, B. (2002)
Neurotrophic factors and Alzheimer’s disease: are we focusing on
the wrong molecule? J. Neural. Transm. Suppl., 62,241-252.
Fisher, C.M. (1991) Visual hallucinations on eye closure associated
with atropine toxicity. A neurological analysis and comparison
with other visual hallucinations. Can. J. Neurol. Sci., 18, 18-27.
Friedman, J.I., Adler, D.N., Howanitz, E., Harvey, P.D., Brenner,
G., Temporini, H., White, L., Parrella, M., Davis, K.L. (2002) A
double blind placebo controlled trial of donepezil adjunctive treat-
ment to risperidone for the cognitive impairment of schizophrenia.
Biol. Psychiatry, 51, 349-357.

Freedman, R., Olincy, A., Ross, R.G., Waldo, M.C., Stevens, K.E.,
Adler, L.E., Leonard, S. (2003) The genetics of sensory gating defi-
cits in schizophrenia. Curr. Psychiatry Rep., 5, 155-161.

Friedman, J.I. (2004) Cholinergic targets for cognitive enhance-
ment in schizophrenia: focus on cholinesterase inhibitors and mus-
carinic agonists. Psychopharmacology (Berl.), 174, 45-53.
Freedman, R., Ross, R., Leonard, S., Myles-Worsley, M., Adams,
C.E., Waldo, M., Tregellas, J., Martin, L., Olincy, A., Tanabe, J.,
Kisley, M.A., Hunter, S., Stevens, K.E. (2005) Early biomarkers of
psychosis. Dialogues Clin. Neurosci., 7, 17-29.

Gardner, D.M., Baldessarini, R.J., Waraich, P. (2005) Modern
antipsychotic drugs: a critical overview. CMAJ, 172, 1703-1711.
Gold, P.E. (2003) Acetylcholine modulation of neural systems
involved in learning and memory. Neurobiol. Learn. Mem., 80,
194-210.

Gray, R., Rajan, A.S., Radcliffe, K.A., Yakehiro, M., Dani, J.A.
(1996) Hippocampal synaptic transmission enhanced by low con-
centrations of nicotine. Nature, 383, 713-716.

Guan, Z.Z., Zhang, X., Blennow, K., Nordberg, A. (1999) De-
creased protein level of nicotinic receptor alpha7 subunit in the
frontal cortex from schizophrenic brain. Neuroreport, 10, 1779-
1782.

Harrison, P.J. (1999) The neuropathological effects of antipsy-
chotic drugs. Schizophr. Res., 40, 87-99.

Hashimoto, T., Bergen, S.E., Nguyen, Q.L., Xu, B., Monteggia,
L.M., Pierri, J.N., Sun, Z., Sampson, A.R., Lewis, D.A. (2005) Re-
lationship of brain-derived neurotrophic factor and its receptor
TrkB to altered inhibitory prefrontal circuitry in schizophrenia. J.
Neurosci., 25, 372-383.

Hefft, S., Hulo, S., Bertrand, D., Muller, D. (1999) Synaptic trans-
mission at nicotinic acetylcholine receptors in rat hippocampal or-
ganotypic cultures and slices. J. Physiol., 515, 769-776.

Holland, M.S. (1992) Central anticholinergic syndrome in a pediat-
ric patient following transdermal scopolamine patch placement.
Nurse Anesth., 3, 121-124.

Hughes, J.R., Hatsukami, D.K., Mitchell, J.E., Dahlgren, L.A.
(1986) Prevalence of smoking among psychiatric outpatients. Am.
J. Psychiatry, 143, 993-997.

Ichikawa, J., Dai, J., O'Laughlin, I.A., Fowler, W.L., Meltzer, H.Y.
(2002) Atypical, but not typical, antipsychotic drugs increase corti-
cal acetylcholine release without an effect in the nucleus accum-
bens or striatum. Neuropsychopharmacology, 26, 325-339.
Johnstone, E.C., Crow, T.J., Ferrier, IN., Frith, C.D., Owens, D.G.,
Bourne, R.C., Gamble, S.J. (1983) Adverse effects of anticholiner-
gic medication on positive schizophrenic symptoms. Psychol.
Med., 13, 513-527.

Karson, C.N., Casanova, M.F., Kleinman, J.E., Griffin, W.S.
(1993) Choline acetyltransferase in schizophrenia. Am. J. Psychia-
try, 150, 454-459.

Katerina, Z., Andrew, K., Filomena, M., Xu-Feng, H. (2004) Inves-
tigation of m1/m4 muscarinic receptors in the anterior cingulate



Role of the Central Cholinergic System

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

cortex in schizophrenia, bipolar disorder, and major depression dis-
order. Neuropsychopharmacology, 29, 619-625.

Kitabatake, Y., Hikida, T., Watanabe, D., Pastan, 1., Nakanishi, S.
(2003) Impairment of reward-related learning by cholinergic cell
ablation in the striatum. Proc. Natl. Acad. Sci., 100, 7965-7970.
Knipper, M., Leung. L.S., Zhao, D., Rylett, R.J. (1994) Short-term
modulation of glutamatergic synapses in adult rat hippocampus by
NGF. Neuroreport, 5,2433-2436.

Knusel, B., Hefti, F. (1991) K-252b is a selective and nontoxic
inhibitor of nerve growth factor action on cultured brain neurons. J.
Neurochem., 57,955-962.

Lad, S.P., Peterson, D.A., Bradshaw, R.A., Neet, K.E. (2003) Indi-
vidual and combined effects of TrkA and p75SNTR nerve growth
factor receptors. A role for the high affinity receptor site. J. Biol.
Chem., 278, 24808-24817.

Levin, E.D., McClernon, F.J., Rezvani, A.H. (2006) Nicotinic ef-
fects on cognitive function: behavioral characterization, pharma-
cological specification, and anatomic localization. Psychopharma-
cology (Berl.), 184, 523-539.

Levin, E.D., Rezvani, A.H. (2007) Nicotinic interactions with an-
tipsychotic drugs, models of schizophrenia and impacts on cogni-
tive function. Biochem. Pharmacol., 74, 1182-1191.

Lipska, B.K., Khaing, Z.Z., Weickert, C.S., Weinberger, D.R.
(2001) BDNF mRNA expression in rat hippocampus and prefrontal
cortex: effects of neonatal ventral hippocampal damage and antip-
sychotic drugs. Eur. J. Neurosci., 14, 135-144.

Mancama, D., Mata, 1., Kerwin, R W., Arranz, M.J. (2007) Choline
acetyltransferase variants and their influence in schizophrenia and
olanzapine response. Am. J. Med. Genet. Part B., 144B, 849-853.
Marchlewski, M.B. (1994) Anticholinergic syndrome. Avoiding
misdiagnosis. J. Psychosoc. Nurs. Ment. Health Serv., 32,22-24.
Martin, L.F., Kem, W.R., Freedman, R. (2004) Alpha-7 nicotinic
receptor agonists: potential new candidates for the treatment of
schizophrenia. Psychopharmacology (Berl.), 174, 54-64.
McAllister, A.K. (2001) Neurotrophins and neuronal differentiation
in the central nervous system. Cell Mol. Life Sci., 58, 1054-1060.
McGehee, D.S., Heath, M.J., Gelber, S., Devay, P., Role, L.W.
(1995) Nicotine enhancement of fast excitatory synaptic transmis-
sion in CNS by presynaptic receptors. Science, 269, 1692-1696.
McGeer, P.L., McGeer, E.G. (1977). Possible changes in striatal
and limbic cholinergic systems in schizophrenia. Arch. Gen. Psy-
chiatry, 34, 1319-1323.

Mego, D.M., Omori, J.M., Hanley, J.F. (1988) Transdermal sco-
polamine as a cause of transient psychosis in two elderly patients.
South Med. J., 81, 394-395.

Messi, M.L., Renganathan, M., Grigorenko, E., Delbono, O. (1997)
Activation of alpha7 nicotinic acetylcholine receptor promotes sur-
vival of spinal cord motoneurons. FEBS Lett., 411, 32-38.

Miller, R., Chouinard, G. (1993) Loss of striatal cholinergic neu-
rons as a basis for tardive and L-dopa-induced dyskinesias, neuro-
leptic-induced supersensitivity psychosis and refractory schizo-
phrenia. Biol. Psychiatry, 34, 713-738.

Minzenberg, M.J., Poole, J.H., Benton, C., Vinogradov, S. (2004)
Association of anticholinergic load with impairment of complex at-
tention and memory in schizophrenia. Am. J. Psychiatry, 161, 116-
124.

Mitchell, J.F. (1963) The spontaneous and evoked release of ace-
tylcholine from cerebral cortex. J. Physiol. (London), 182, 98-116.
Miyamoto, S., Duncan, G.E., Marx, C.E., Lieberman, J.A. (2005)
Treatments for schizophrenia: a critical review of pharmacology
and mechanisms of action of antipsychotic drugs. Mol. Psychiatry,
10, 79-104.

Murer, M.G., Yan, Q., Raisman-Vozari, R. (2001) Brain-derived
neurotrophic factor in the control human brain, and in Alzheimer's
disease and Parkinson's disease. Prog. Neurobiol., 63, 71-124.
Neubauer, H., Sundland, D., Gershon, S. (1966) Ditran and its
antagonists in a mixed psychiatric population. J. Nerv. Ment. Dis.,
142,265-77.

Olincy, A., Stevens, K.E. (2007) Treating schizophrenia symptoms
with an alpha7 nicotinic agonist, from mice to men. Biochem.
Pharmacol., 74, 1192-1201.

Owen, F., Cross, A.J., Crow, T.J., Lofthouse, R., Poulter, M.
(1981) Neurotransmitter receptors in brain in schizophrenia. Acta
Psychiatr. Scand. Suppl., 291, 20-28.

[71]

[72]

(73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

(81]

(82]

[83]

[84]

(85]

(86]

(87]

(88]

[89]

[90]

Current Neuropharmacology, 2008, Vol. 6, No. 3 291

Parikh, V., Evans, D.R., Khan, M.M., Mahadik, S.P. (2003) Nerve
growth factor in never-medicated first-episode psychotic and medi-
cated chronic schizophrenic patients: possible implications for
treatment outcome. Schizophr. Res., 60, 117-123.

Perry, EXK., Perry, R.H. (1995) Acetylcholine and hallucinations:
disease-related compared to drug-induced alterations in human
consciousness. Brain Cogn., 28, 240-258.

Perry, P.J., Wilding, D.C., Juhl, R.P. (1978) Anticholinergic psy-
chosis. Am. J. Hosp. Pharm., 35, 725-728.

Perry, E., Walker, M., Grace, J., Perry, R. (1999) Acetylcholine in
mind: a neurotransmitter correlate of consciousness? Trends Neu-
rosci., 22, 273-280.

Perry, D.C., Xiao, Y., Nguyen, H.N., Musachio, J.L., Davila-
Garcia, M.1., Kellar, K.J. (2002) Measuring nicotinic receptors with
characteristics of alphadbeta2, alpha3beta2 and alpha3beta4 sub-
types in rat tissues by autoradiography. J. Neurochem., 82, 468-
481.

Perl, O., Ilani, T., Strous, R.D., Lapidus, R., Fuchs, S. (2003) The
alpha7 nicotinic acetylcholine receptor in schizophrenia: decreased
mRNA levels in peripheral blood lymphocytes. FASEB J., 17,
1948-1950.

Pfeiffer, C.C., Jenney, E.-H. (1957) The inhibition of the condi-
tioned response and the counteraction of schizophrenia by mus-
carinic stimulation of the brain. Ann. N.Y. Acad. Sci., 66, 753-64.
Pillai, A., Terry, A.V., Jr., Mahadik, S.P. (2006) Differential effects
of long-term treatment with typical and atypical antipsychotics on
NGF and BDNF levels in rat striatum and hippocampus. Schizophr.
Res., 82,95-106.

Pomerleau, O.F. (1986) Nicotine as a psychoactive drug: anxiety
and pain reduction. Psychopharmacol. Bull., 22, 865-869.

Sarter, M., Nelson, C.L., Bruno, J.P. (2005) Cortical cholinergic
transmission and cortical information processing in schizophrenia.
Schizophr. Bull., 31, 117-138.

Schubert, M.H., Young, K.A., Hicks, P.B. (2006) Galantamine
improves cognition in schizophrenic patients stabilized on risperi-
done. Biol. Psychiatry, 60, 530-533.

Sharma, T., Reed, C., Aasen, 1., Kumari, V. (2006) Cognitive ef-
fects of adjunctive 24-weeks rivastigmine treatment to antipsychot-
ics in schizophrenia: A randomized, placebo-controlled, double-
blind investigation. Schizophr. Res., 85, 73-83.

Shekhar, A., Potter, W.Z., Lienemann, J., Sundblad, K., Lightfoot,
J., Herrera, J., Unverzagt, F., Bymaster, F.P., Felder, C.C. (2001).
Efficacy of xanomeline, a selective muscarinic agonist, in treating
schizophrenia: a double-blind, placebo controlled study. ACNP 40"
Annual Meeting, 9-13 December 2001, Waikoloa, HI, USA, Ab-
stract 135.

Shirazi-Southall, S., Rodriguez, D.E., Nomikos, G.G. (2002) Ef-
fects of typical and atypical antipsychotics and receptor selective
compounds on acetylcholine efflux in the hippocampus of the rat.
Neuropsychopharmacology, 26, 583-594.

Shoval, G., Weizman, A. (2005) The possible role of neurotrophins
in the pathogenesis and therapy of schizophrenia. Eur. Neuropsy-
chopharmacol., 15, 319-329.

Stanhope, K.J., Mirza, N.R., Bickerdike, M.J., Bright, J.L., Har-
rington, N.R., Hesselink, M.B, , Kennett, G.A., Lightowler, S.,
Sheardown, M.J., Syed, R., Upton, R.L., Wadsworth, G., Weiss,
S.M., Wyatt, A. (2001) The muscarinic receptor agonist xanome-
line has an antipsychotic-like profile in the rat. J. Pharmacol. Exp.
Ther., 299, 782-792.

Takahashi, M., Shirakawa, O., Toyooka, K., Kitamura, N., Hashi-
moto, T., Maeda, K., Koizumi, S., Wakabayashi, K., Takahashi, H.,
Someya, T., Nawa, H. (2000) Abnormal expression of brain-
derived neurotrophic factor and its receptor in the corticolimbic
system of schizophrenic patients. Mol. Psychiatry, 5, 293-300.
Terry, A.V., Jr., Gearhart, D.A., Mahadik, S.P., Warsi, S., Davis,
L.W., Waller, J.L. (2005) Chronic exposure to typical or atypical
antipsychotics in rodents: temporal effects on central alpha 7 nico-
tinic acetylcholine receptors. Neuroscience, 136, 519-529.

Terry, A.V., Jr., Gearhart, D.A., Mahadik, S.P., Warsi, S., Waller,
J.L. (2006) Chronic treatment with first or second generation antip-
sychotics in rodents: effects on high affinity nicotinic and mus-
carinic acetylcholine receptors in the brain. Neuroscience, 140,
1277-1287.

Terry, A.V., Jr., Parikh. V., Gearhart, D.A., Pillai, A., Hohnadel,
E., Warner, S., Nasrallah, H.A., Mahadik, S.P. (2006) Time de-



292 Current Neuropharmacology, 2008, Vol. 6, No. 3

[91]

[92]

(93]

[94]

[95]

[96]

pendent effects of haloperidol and ziprasidone on nerve growth fac-
tor, cholinergic neurons, and spatial learning in rats. J. Pharmacol.
Exp. Ther., 318, 709-24.

Terry, A.V. Jr., Mahadik S.P. (2007) Time dependent cognitive
deficits associated with first and second generation antipsychotics:
cholinergic dysregulation as a potential mechanism. J. Pharmacol.
Exp. Ther.,320,961-968.

Terry, A.V., Jr., Gearhart, D.A. (2007) Time dependent decreases
in central 0, nicotinic acetylcholine receptors associated with
haloperidol and risperidone treatment in rats. Eur. J. Pharmacol.,
571, 29-32.

Terry, A.V., Jr., Gearhart, D.A., Warner, S.E., Zhang, G., Bartlett,
M.G., Middlemore, M.L., Beck, W.D., Mahadik, S.P., Waller J.L.
(2007) Oral haloperidol or risperidone treatment in rats: Temporal
effects on nerve growth factor receptors, cholinergic neurons, and
memory performance. Neuroscience, 146, 1316-1332.

Terry, A.V., Jr., Gearhart, D.A., Warner, S.E., Hohnadel, E.J.,
Middlemore, M.L., Zhang, G., Bartlett, M.G., Mahadik, S.P. (2007)
Protracted effects of chronic oral haloperidol and risperidone on
nerve growth factor, cholinergic neurons, and spatial reference
learning in rats. Neuroscience, 150, 413-424.

Theberge, J., Al Semaan, Y., Drost, D.J, Malla, A.K., Neufeld,
R.W., Bartha, R., Manchanda, R., Menon, R., Densmore, M.,
Schaefer, B., Williamson, P.C. (2004) Duration of untreated psy-
chosis vs. N-acetylaspartate and choline in first episode schizo-
phrenia: A 1H magnetic resonance spectroscopy study at 4.0 Tesla.
Psychiatry Res., 131, 107-114.

Ucok, A., Polat, A., Bozkurt, O., and Meteris, H. (2004) Cigarette
smoking among patients with schizophrenia and bipolar disorders,
Psychiatry Clin. Neurosci., 58, 434-437.

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

Alvin V. Terry, Jr.

Van der Zee, E.A., Luiten, P.G. (1999) Muscarinic acetylcholine
receptors in the hippocampus, neocortex and amygdala: a review of
immunocytochemical localization in relation to learning and mem-
ory. Prog. Neurobiol., 58, 409-471.

Van Rossum, J.M. (1966) The significance of dopamine-receptor
blockade for the mechanism of action of neuroleptic drugs. Arch.
Int. Pharmacodyn. Ther., 160, 492-494.

Volpicelli, L.A., Levey, A.l. (2004) Muscarinic acetylcholine re-
ceptor subtypes in cerebral cortex and hippocampus. Prog. Brain
Res., 145, 59-66.

Watanabe, S., Nishikawa, T., Takashima, M., Toru, M. (1983)
Increased muscarinic cholinergic receptors in prefrontal cortices of
medicated schizophrenics. Life Sci., 33,2187-2196.

Wess, J., Eglen, R.M., Gautam, D. (2007) Muscarinic acetylcholine
receptors: mutant mice provide new insights for drug development.
Nat. Rev. Drug. Discov., 6, 721-733.

Wilkinson, J.A. (1987) Side effects of transdermal scopolamine. J.
Emerg. Med., 5,389-392.

Wynn, Z.J., Cummings, J.L. (2004) Cholinesterase inhibitor thera-
pies and neuropsychiatric manifestations of Alzheimer's disease.
Dement. Geriatr. Cogn. Disord., 17, 100-108.

Yang, Y K., Nelson, L., Kamaraju, L., Wilson, W., McEvoy, J.P.
(2002) Nicotine decreases bradykinesia-rigidity in haloperidol-
treated patients with schizophrenia. Neuropsychopharmacology,
27, 684-686.

Yeomans, J.S. (1995) Role of tegmental cholinergic neurons in
dopaminergic activation, antimuscarinic psychosis and schizophre-
nia. Neuropsychopharmacology, 12, 3-16.

Received: March 21, 2008

Revised: May 01, 2008

Accepted: May 09, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


