
APPENDIX 1. Neuroprotective Effects By Psychotropic Class

The following findings are consistent with the preponderance of preclinical study findings that are evident by inspection of Tables 1-3.
Direct acting dopamine D2 receptor agonists are useful in treating PD, apathy syndromes, and other disorders. Newer non-ergoline agonists

have found increasing use over older agents. While a number of studies have been carried out using the non-ergoline pramipexole, we
could find no studies of ropinirole. Nevertheless, it appears that pramipexole has clinical neuroprotective potential, with preliminary
evidence of reduced �Syn accumulation, A� secretion, A� fibril-induced free radical generation, and apoptosis.

Amantadine can be classified as a presynaptic dopamine releaser and as an NMDA antagonist, but more data are needed to guide
assessment of its clinical neuroprotective potential.

Antipsychotic drugs vary in their apoptotic effects and, except for often inhibiting Complex I, a number of them exhibit mitochondrial protective
properties. High potency neuroleptics (haloperidol, fluphenazine, and trifluoperazine) tend to promote apoptosis while low potency neuroleptics
and atypical antipsychotics (chlorpromazine, thioridazine, risperidone, olanzapine, quetiapine, and clozapine) tend to inhibit apoptosis,although
trifluoperazine may have anti-apoptotic properties in some AD and PD models. A�-induced apoptosis has been inhibited by the atypical anti-
psychotics, including risperidone, olanzapine, and quetiapine. Risperidone, olanzapine, and clozapine have inhibited 1-methyl-4-phenylpyridine
ion (MPP�)-induced apoptosis. Antipsychotics generally reduce Complex I activity and increase Complex IV activity, although clozapine only
mildly reduces Complex I while thioridazine and olanzapine do not reduce Complex I. Fluphenazine protects mitochondrial function in some
models. Clozapine generates ROS while olanzapine and quetiapine protect against A�-induced ROS. Trifluoperazine, chlorpromazine, and
quetiapine have been demonstrated to prevent mitochondrial membrane depolarization and mitochondrial PTP formation. Haloperidol,
trifluoperazine, chlorpromazine, and thioridazine promote apoptosis in malignancy.

Lithium may inhibit proteasomal and mitochondrial cytochrome oxidase c activity, but it reduces A� production, tau hyperphosphorylation,
mitochondrial membrane depolarization, cytochrome c release, and apoptosis, and may enhance neuronal viability. Preclinical evidence
suggests that lithium has potential utility in AD, PD, HD, and cerebrovascular disease.

Anticonvulsants seem to have mixed effects, depending upon the model, especially carbamazepine and valproate, whereas oxcarbazepine is
predominantly proapoptotic. Carbamazepine has mixed effects on tau phosphorylation, oxidative stress, mitochondrial dysfunction, and
apoptosis in neural tissues. Early evidence indicates that oxcarbazepine increases ROS, diminishes ATP production, depolarizes mitochondrial
membranes, and induces apoptosis. Valproate promotes mitochondrial dysfunction, has mixed effects on mitochondrial PTP development and
apoptosis (antiapoptotic in neural tissue and proapoptotic in microglia and malignant cell lines), and may inhibit A� production but may not
inhibit tau phosphorylation while it increases �Syn levels. Valproate should not be used in patients with mitochondrial diseases.

Tricyclic antidepressants are generally proapoptotic, although the secondary amines nortriptyline and desipramine were protective in NDD
models. Amitriptyline, imipramine, and nortriptyline killed neutrophils, and imipramine and clomipramine induced apoptosis in immature cells
and especially in leukemia. Nortriptyline blocked glutamate-induced mitochondrial depolarization and apoptosis in a HD mouse model and
reduced apoptosis in an ALS mouse model. Desipramine inhibited ROS production, mitochondrial PTP opening, and apoptosis in several
models, particularly in the HD transgenic mouse model. Clomipramine inhibited Complex III, depolarized mitochondrial membranes although
it did not release cytochrome c, reduced cell viability, and promoted apoptosis, particularly in malignancies and leukemias.

The tetracyclic maprotiline did not affect tau phosphorylation or microtubule assembly, and it inhibited glutamate - induced mitochondrial
PTP opening and apoptosis in a transgenic mouse model.

The SSRIs exhibit some neuroprotective properties in some models but are pro-apoptotic in malignancies and some leukocytes. The SSRI
fluoxetine uncouples oxidative phosphorylation and stimulates state 4 respiration, has variable effects on mitochondrial PTP but promotes its
development in neoplasias, kills neutrophils, and protects neural stem cells and hippocampal neurons from apoptosis, yet it promotes apoptosis
in malignancies. Similarly, paroxetine released cytochrome c and promoted apoptosis in malignancies, although preliminary data suggest this
agent may reduce A� and hyperphosphorylated tau in an AD transgenic mouse model. Citalopram induced ROS, mitochondrial depolarization,
apoptosis, and reduced cell viability in leukemias. SSRIs and clomipramine prevent serotonin - induced apoptosis however.

Among anxiolytics, buspirone has inhibited apoptosis in several neuronal models. Traditional anxiolytics are generally GABA-A agonists,
which have been demonstrated to protect against A�-induced neurotoxicity. The central benzodiazepine receptor agonist clonazepam has
some anti-apoptotic properties whereas the peripheral benzodiazepine receptor agonist diazepam is pro-apoptotic. On the other hand, the
peripheral benzodiazepine receptor agonist diazepam uncoupled oxidative phosphorylation, promoted mitochondrial depolarization,
mitochondrial PTP development, and cytochrome c release (although it promoted ATP recovery and prevented cytochrome c release in
ischemic hippocampus in a single study). Diazepam has also been observed to promote several types of apoptosis in several neuronal
models and in multiple malignancies. In contrast, chlordiazepoxide did not bind to mitochondrial peripheral benzodiazepine receptors,
nor did it affect mitochondrial metabolism. Similarly, zolpidem, a GABA-A agonist that binds to the omega-1 central benzodiazepine
receptor site, did not increase calcium-induced mitochondrial permeability transition. Clonazepam, another central benzodiazepine
receptor agonist, blocked mitochondrial calcium influx in hypoxia, inhibited sodium/calcium exchange, restored ATP production in
Complex I deficiency, attenuated mitochondrial depolarization, and blocked mitochondrial PTP development and calcium efflux. Yet this
drug had mixed effects on apoptosis, with increased apoptosis in immature rats, particularly involving the frontal lobe, although it did
not induce apoptosis in malignant cell lines.

Diphenhydramine displayed mixed effects, producing premalignant changes in rat liver mitochondria, preventing hypoxic uncoupling of
oxidative phosphorylation, and promoting apoptosis in malignant cell lines.

The hormone melatonin has inhibited A� formation and deposition in most models and tau phosphorylation at sites relevant to AD,
activated tau - dephosphorylating phosphatase PP-2A, protected mitochondrial function, inhibited free radicals, prevented mitochondrial
PTP development and cytochrome c release, improved cellular viability, and inhibited apoptosis. These actions, suggest beneficial
potential in NDDs, especially AD and PD. Data on cell viability in malignancies remains inconclusive, but initial evidence suggests that
melatonin may promote mitochondrial function and cell survival and inhibit apoptosis in some forms of neoplastic disease while
impairing mitochondrial function and promoting apoptosis in others.
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APPENDIX 2. Drugs By Neuroprotective Action

The following findings are consistent with the preponderance of preclinical study findings that are evident by inspection of Tables 1-3.
�Syn. In the context of limited data, pramipexole and melatonin offer potential to reduce �Syn pathology. Pramipexole displayed anti-

aggregation properties in a single study using SH-SY5Y dopaminergic neuroblastoma cells. Valproate seems to increase �Syn
concentrations, but it is unknown whether this is beneficial or deleterious, particularly in PD. Melatonin has inhibited �Syn aggregation,
conferring a potential advantage in PD.

A�. Lithium, valproate, paroxetine, and melatonin are the most promising neuroprotective agents with respect to A� pathology. Older
dopamine agonists have inhibited A� fibril formation, although data for non-ergoline dopamine agonists were not evident. Haloperidol
may acutely increase cortical amyloid precursor protein but may inhibit A� formation and A� - induced calcium influx, although studies
are limited. Lithium, a GSK-3� inhibitor, inhibits A� production and secretion in most but not all models. Valproate has inhibited A�
production in the only two models that it has been tested in. Paroxetine was found to reduce A� in an AD transgenic mouse model.
Melatonin has inhibited A� formation and deposition in most models.

Tau. Lithium, paroxetine, and melatonin show the greatest neuroprotective potential in regard to tau hyperphosphorylation. It is apparent
that haloperidol can increase tau phosphorylation and inhibit dephosphorylation. Trifluoperazine can also inhibit tau assembly and
dephosphorylation. Chlorpromazine can inhibit tau hyperphosphorylation. Lithium inhibits tau hyperphosphorylation in a wide variety of
models, including hyperphosphorylation induced by A�, and at sites relevant to AD, including tau-1 and PHF-1 sites. Lithium also deters
the aggregation of hyperphosphorylated tau while it promotes tau dephosphorylation and tau binding to microtubules, microtubule
assembly, and axonal transport. Carbamazepine and valproate have not inhibited neuronal tau phosphorylation. In a single rat study, the
antidepressants desipramine, maprotiline, and citalopram did not alter tau phosphorylation. Paroxetine has been found to reduce
hyperphosphorylated tau in an AD transgenic mouse model. Melatonin has inhibited tau phosphorylation at sites relevant to AD in a
number of studies, and activated the tau - dephosphorylating phosphatase PP-2A.

Ubiquitin. The effects of pharmacotherapeutic drugs upon ubiquitinopathic processes is yet emerging (Table 4), and it is too early to project
therapeutic efficacy at this time.

Proteasome. Although data are quite limited, to date, valproate is the most promising drug with respect to neuroprotection at the level of
the proteasome. Haloperidol and fluphenazine may inhibit proteasomal activity, as may lithium. Valproate may augment proteasomal
function, but this remains to be empirically demonstrated. Two studies suggest that melatonin may inhibit the proteasome.

Free Radicals And The Mitochondrion. Drugs of greatest antioxidant and mitochondrial protective neuroprotective potential include
pramipexole, trifluoperazine, quetiapine, desipramine, clonazepam, and melatonin. Several studies, including one conducted in ALS
patients, indicate that pramipexole scavenges and reduces free radicals, including ROS induced by A� fibrils, A� oligomers, and MPP�,
relevant to AD, PD, and ALS. The NMDA antagonists amantadine, memantine, and MK-801 protected nucleus basalis cholinergic neurons
against mitochondrial failure in a single study, suggesting an advantage in AD. Trifluoperazine has mitochondrial protective properties in
some models. Olanzapine and quetiapine have protected against A�-induced ROS, however clozapine has generated ROS. Carbamazepine
reduced mitochondrial activity in astrocytes and in CGNs but not in rat hippocampal neurons. Initial evidence indicates that
oxcarbazepine is associated with increased ROS and diminished ATP production. Valproate can lead to clinical deterioration in
mitochondrial disease and should be avoided in these conditions. Valproate is associated with mitochondrial structural damage, carnitine
deficiency, reduced beta - oxidation, and reduced oxidative phosphorylation. Imipramine has increased ROS whereas desipramine has
inhibited ROS formation. Citalopram promoted ROS generation in leukemia. Clonazepam, a central benzodiazepine receptor agonist,
blocked mitochondrial calcium influx in hypoxia, inhibited sodium/calcium exchange, and restored ATP production in Complex I
deficiency. The antihistamine diphenhydramine induced premalignant changes in rat liver mitochondria and prevented hypoxic
histamine - induced uncoupling of oxidative phosphorylation. Melatonin protected mitochondrial function in non-malignant tissue,
however there have been mixed findings in neoplasia.

Electron Transport System Effects. Drugs of greatest neuroprotective potential regarding the electron transport system include thioridazine,
olanzapine, and melatonin. Complex I deficiencies have been observed in PD whereas Complex IV, and to a lesser extent, Complex III
deficiencies have been seen in AD. Studies indicate Complex I inhibition with the neuroleptics haloperidol, fluphenazine, thiothixene, and
chlorpromazine, and with the atypical antipsychotics risperidone, quetiapine, and, variably, clozapine, although clozapine is far less
potent than the other drugs in this respect. Risperidone reduced Complex I activity in the hippocampal region, frontal cortex, and
striatum in a single study, potentially relevant to AD, FTLD, HD, PD, and other NDDs. Thioridazine, olanzapine, and clozapine have not
inhibited Complex I in some models. In fact, clozapine has restored ATP production in human Complex I deficiency, and risperidone,
olanzapine, and quetiapine have protected against reduced cellular viability after exposure to rotenone, a Complex I inhibitor. Melatonin
has protected against Complex I loss in 6-hydroxydopamine and MPP� PD models and has repeatedly been demonstrated to stimulate
Complex I, suggesting that melatonin would be safest to use in PD, followed by thioridazine, olanzapine, and clozapine. Haloperidol has
reduced Complex II and V. The tricyclic antidepressant clomipramine has inhibited Complex III in a rat study whereas melatonin has
protected Complex III from oxidative damage. Haloperidol, fluphenazine, thiothixene, chlorpromazine, clozapine, and melatonin stimulate
Complex IV, of note in AD. Fluoxetine uncouples oxidative phosphorylation and stimulates state 4 respiration. Diazepam uncoupled
oxidative phosphorylation, although it promoted ATP recovery in a single study of ischemic hippocampal slices. In contrast,
chlordiazepoxide did not affect mitochondrial metabolism.
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APPENDIX 2. Continued

Mitochondrial PTP. Drugs of greatest neuroprotective potential with respect to mitochondrial depolarization and PTP development include
pramipexole, trifluoperazine, thioridazine, quetiapine, lithium, nortriptyline, clonazepam, and melatonin. Several studies indicate the
effectiveness of pramipexole against PTP development induced by MPP�, H2O2, and rotenone, usually in neuroblastoma cells, including
dopaminergic SH-SY5Y. Trifluoperazine is very effective in preventing mitochondrial PTP development across a wide range of models.
Similarly, chlorpromazine prevents mitochondrial PTP development in normal cells, but not in neoplasia. Thioridazine also prevents
mitochondrial PTP development in normal cells, but also in neoplastic cells although evidence is limited to one study of leukemia.
Quetiapine protected PC 12 cells against A� - induced mitochondrial membrane depolarization. Lithium stabilizes mitochondrial
membrane potentials and prevents PTP development and cytochrome c release in several models. In a single study, carbamazepine did
not depolarize mitochondrial membranes in rat hippocampal neurons. Preliminary evidence indicates that oxcarbazepine depolarizes
mitochondrial membranes. Valproate seems to induce mitochondrial PTP development without mitochondrial membrane depolarization
or release of cytochrome c, except in leukemic cells. Imipramine depolarized mitochondrial membranes whereas nortriptyline antagonized
glutamate - induced depolarization. Nortriptyline has inhibited PTP development and cytochrome c release in an HD yeast model and
ALS mouse model, respectively. Desipramine and maprotiline inhibited glutamate - induced mitochondrial PTP opening, but potentiated
morphine - induced mitochondrial PTP opening. Clomipramine depolarized mitochondrial membranes but did not release cytochrome c.
Fluoxetine has variable effects on mitochondrial PTP but opens it in neoplasias, as does paroxetine. Citalopram induced mitochondrial
depolarization in leukemia. Diazepam promotes mitochondrial depolarization, mitochondrial PTP development, and cytochrome c release
(although not in ischemic hippocampus in a single study). Zolpidem, however, did not increase calcium - induced mitochondrial
permeability transition. Clonazepam prevented mitochondrial depolarization and blocked mitochondrial PTP development and calcium
efflux. Melatonin has inhibited mitochondrial PTP development and cytochrome c release in non-malignant cell lines and, specifically, in
AD and PD models.

Cell Viability. Drugs of greatest neuroprotective potential in regard to cellular viability include olanzapine, quetiapine, lithium, nortriptyline,
and maprotiline. Haloperidol has reduced cell viability in SH-SY5Y cells and rotenone - treated PC12 cells. However, olanzapine
improved cell viability in both rotenone - treated and untreated PC12 cells, and blocked superoxide dismutase 1 (SOD1) decrement,
suggesting olanzapine’s potential to improve viability in PD and ALS, respectively. Quetiapine also improved the viability of PC12 cells
exposed to rotenone, suggesting potential utility in PD. Lithium improved CGN viability. Carbamazepine has had variable effects on
lymphocyte viability. Valproate enhanced rat cortical neuronal viability in a single study. Different antidepressants appear to have
significantly different effects: amitriptyline, imipramine, nortriptyline, and fluoxetine have killed neutrophils. In contrast, imipramine,
clomipramine, and citalopram have reduced the viability of leukemic cells, and imipramine and fluoxetine have reduced the viability of
HT29 human colon carcinoma cells. Nortriptyline protected motor neurons from death in an ALS mouse model. Clonazepam did not
affect cell survival in rat glioma cells. In two studies, melatonin has been found to improve cell survival in peripheral blood mononuclear
and N2a neuroblastoma cells.

Apoptosis. Drugs of greatest anti-apoptotic neuroprotective potential include pramipexole, amantadine, risperidone, olanzapine, quetiapine,
lithium, valproate, nortriptyline, desipramine, and maprotiline.

A number of studies show that pramipexole protects against apoptosis, including apoptosis induced by dopamine in dopaminergic
neurons and induced by MPP�, A�, and H2O2 in neuroblastomas. Two studies showed that amantadine protected against apoptosis
induced by influenza virus in non-neural cells. Haloperidol may protect against dopamine - induced apoptosis, but it is otherwise
proapoptotic in neural tissues. Fluphenazine, trifluoperazine, chlorpromazine, are proapoptotic, at least in malignant cell lines.
Thioridazine did not promote apoptosis in neurons or lymphocytes, but did so in neoplastic cells. Risperidone has inhibited apoptosis in
PC12 cells after exposure to A� and MPP�. Olanzapine inhibits apoptosis in neural cells produced by various neurotoxins, including A�
and MPP�. Quetiapine protected PC 12 cells against A� - induced apoptotic marker increases. Clozapine has protected against MPP� -
induced apoptosis although nitrenium ion formation is associated with agranulocytosis. Lithium reduces apoptosis induced by A�, GSK-
3�, aluminum, glutamate, NMDA receptor stimulation, MPP�, rotenone, aging, quinolinic acid cerebral ischemia, C2 ceramide, and other
models, but is often proapoptotic in malignant cell lines. Although findings have been mixed, carbamazepine has predominantly
promoted apoptosis. Preliminary evidence indicates that oxcarbazepine induces apoptosis. Valproate generally inhibits apoptosis in
neuronal models, including A� -, GSK-3� -, NMDA -, and rotenone - induced apoptosis, but appears to be proapoptotic in many
malignant and immature cell lines. This, as well as proapoptotic effects in microglia, suggest possible beneficial effects on the
pathophysiology of AD.

Imipramine has produced mixed effects on apoptosis, inhibiting it in hepatocytes and in colon cancer while promoting it in immature
neurons, lymphoblasts, and leukemic cells. While desipramine induced apoptosis in rat glioma, it inhibited apoptosis in several cell lines
and in multiple models, including glutamate -, 6-OHDA -, corticosterone -, and ceramide - induced apoptosis. Nortriptyline, desipramine,
and maprotiline blocked glutamate - induced apoptosis in a HD transgenic mouse model. Clomipramine promoted apoptosis, particularly
in malignancies and leukemias, but protected against serotonin - induced apoptosis.

Fluoxetine protects neural stem cells and hippocampal neurons from apoptosis and prevents serotonin - induced apoptosis, but
promotes apoptosis in malignancies. Paroxetine also protected against serotonin - induced apoptosis, but otherwise promoted apoptosis in
malignancies. Citalopram promotes apoptosis in several leukemic cell lines.

The 5HT1a partial agonist anxiolytic buspirone has inhibited apoptosis in several neuronal models. In contrast, the benzodiazepine
diazepam has promoted several types of apoptosis in several neuronal models and in multiple malignancies. Clonazepam had mixed
effects on apoptosis, but has produced neuronal apoptosis in immature rats, particularly in the frontal lobe.

The antihistamine H1 antagonist diphenhydramine has promoted apoptosis in several malignant cell lines.
The hormone melatonin has inhibited apoptosis, including apoptosis induced by A� and MPP�, but findings conflict in neoplasia.
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TABLE 4. Effects of Psychotropics on Ubiquitin

Drug Effect

Dopamine Agonists
Levo-dopa Pulsatile levodopa administration led to ubiquitin-positive striatal ultrastructural changes

associated with dyskinesia in dopamine depleted, norepinephrine deficient rats526

Pramipexole Reduced ubiquitin immunoreactivity upregulation induced by lipopolysaccharide in rat
substantia nigra527

Antipsychotics
Haloperidol Increased striatal and nucleus accumbens parkin E3 ligase mRNA528 and nigral Pael-R

mRNA,529 the substrate of parkin, in rats treated with supratherapeutic doses (2mg/
kg)

Reduced ubiquitin – related systems mRNA expression in mice treated for 14 days with
haloperidol and biperiden, an effect not seen with either drug by itself530

Mood Stabilizers
Lithium Promoted ubiquitination of tau in an Alzheimer’s transgenic tauopathic mouse model175

Valproate Induced Ubc8 gene expression, the E2 ubiquitin ligase238

Associated with increased expression of Ube2D1 and SKP1A, an E2 ubiquitin conjugase
and a subunit of the E3 ubiquitin ligase531

Antidepressants
Citalopram Dysregulated the expression of ubiquitin-like protein genes in frontal and temporal

cortex both at 96 hours and 4 weeks of administration to rats at therapeutic doses532

Hypnotics
Melatonin Decreased the expression of ubiquitin-conjugating enzyme E2M in keratinocytes exposed

to ultraviolet B radiation505

Antimuscarinic Agents
Biperiden Reduced ubiquitin-related systems mRNA expression in mice treated for 14 days with

haloperidol and biperiden, an effect not seen with either drug by itself530

The relations of psychotropics to ubiquitin and ubiquitin related genes and systems.
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TABLE 5. Quality of the Preclinical Data

Finding
Replicated Within a

Single Model
Replicated in an

Additional Model
Demonstrated in

Neural Tissue

Pramipexole
Inhibits reactive oxygen species X X X
Inhibits PTP development X X X
Inhibits apoptosis X X X

Amantadine
Inhibits apoptosis X

Haloperidol
Reduces Complex I X X X
Increases oxidative stress X X
Reduces cell viability X X
Induces apoptosis X X X

Fluphenazine
Inhibits Complex I X X
Increases brain Complex IV X X
Reduces visceral Complex IV X

Trifluoperazine
Reduces ATP synthesis X X
Reduces oxidative stress X X
Inhibits PTP development X X
Improved cell viability X X
Inhibits neural apoptosis X X
Promotes undifferentiated cell apoptosis X X

Chlorpromazine
Inhibits Complex I X X X
Inhibits PTP development X X
Reduces leukemia cell viability X X
Inhibits acetaminophen apoptosis in hepatocytes X X
Promotes apoptosis in neoplasia X X

Thioridazine
Inhibits PTP development X X
Promotes apoptosis in neoplasia X X X

Risperidone
Reduces Complex I activity X X X
Inhibits apoptosis X X

Olanzapine
Improves cell viability X X
Inhibits apoptosis X X X

Quetiapine
Inhibits apoptotic processes X

Clozapine
Promotes neutrophil apoptosis X

Lithium
Reduces GSK-3� transcription X X
Inhibits A� production X X X
Reduces t hyperphosphorylation X X X
Reduces A�-induced t hyperphosphorylation X X X
Reduces proteasomal function X X
Inhibits PTP development X X X
Promotes cell viability X X X
Inhibits apoptosis X X X
Inhibits A�-induced apoptosis X X X
Inhibits glutamate-induced apoptosis X X
Inhibits hippocampal apoptosis X X X
Inhibits apoptotic processes X X X
Promotes apoptosis in neoplasia X X

Valproic acid
Increases �Syn expression X X X
Inhibits A� production X X
Increases proteasomal function X X
Exacerbates mitochondrial disease clinical symptoms X X X
Induces mitochondrial swelling X X X
Decreases oxidative phosphorylation X X X
Induces PTP formation X
Reduced cytochrome c release X X
Inhibits apoptotic processes X X X
Inhibits neural apoptosis X X X
Promotes apoptosis in immature cell lines X X X

Carbamazepine
Inhibited hippocampal toxopathy X X
Increased caspase-3 X X X
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TABLE 5. Continued

Finding
Replicated Within a

Single Model
Replicated in an

Additional Model
Demonstrated in

Neural Tissue

Oxcarbazepine
Increased oxidative stress X X

Amitriptyline
Reduced cell viability X X

Imipramine
Reduced viability in neoplasia X
Promotes apoptosis in myeloid tissues X X X

Nortriptyline
Inhibits PTP development X X

Desipramine
Inhibits oxidative stress X
Inhibits apoptosis X X X
Promotes apoptosis in neoplasia X X

Clomipramine
Promoted PTP development in neural neoplasia X X
Promotes apoptosis in myeloid tissues X X X

Fluoxetine
Promotes PTP development in neoplasia X X
Reduces cell viability X
Reduces apoptosis X X
Promotes apoptosis in immature cells and neoplasia X X

Paroxetine
Promotes apoptosis in neoplasia X X

Citalopram
Promotes mitochondrial depolarization in myeloid neoplasia X
Promotes apoptosis in myeloid tissue and myeloid neoplasia X X

Diazepam
Inhibits mitochondrial respiration X
Promotes mitochondrial depolarization X X
Promotes apoptosis in nascent neural tissues X X

Clonazepam
Inhibits mitochondrial hypercalcemia X X
Inhibits mitochondrial Na/Ca exchange X X X
Inhibits PTP development X
Inhibits mitochondrial Ca efflux X X X
Prevents necrosis X X
Promotes apoptosis in immature brain X X X

Diphenhydramine
Promotes apoptosis in neoplasia X

Melatonin
Reduces �Syn aggregation X X
Inhibits A� fiber formation X X X
Inhibits tau hyperphosphorylation X X
Reduces proteasomal function X X
Stimulates Complex I activity X X
Protects against Complex I loss X X
Stimulates Complex IV X X
Restores ATP production X X
Reduces superoxide formation X X
Reduces oxidative stress X X
Inhibits lipid peroxidation X X
Inhibits PTP development X X
Inhibits cytochrome c release X X X
Improves cell viability X X
Reduces apoptosis X X
Reduces MPTP apoptosis X X
Increases oxidative stress in myeloid malignancies X
Inhibits cytochrome c release in malignancies X
Increases apoptosis in immature and malignant tissues X X

The quality of preclinical findings with respect to within-model replication, replication in at least one other model, and demonstration in
neural tissue. “X” in the first column indicates independent replication of the finding in the same model by an independent group; “X” in the
second column indicates replication of the finding in at least one other preclinical model; “X” in the third column indicates observation of the
finding in neuronal tissue (neurons, glia, or immortalized neural cell lines including neuroblastomas) in at least one other study. Consequently,
the more columns checked, the greater the validity and reliability of the finding. Italicized entries indicate findings in line with promoting
neurodegeneration rather than neuroprotection, whereas non-italicized text indicates neuroprotective actions.

A��beta-amyloid; �Syn�alpha-synuclein; ATP�adenosine triphosphate; GSK-3��glyocogen synthase kinase 3-beta; MPTP�1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine; PTP�mitochondrial permeability transition pore; t�tau.
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TABLE 6. Provisional Criteria Desirable for Determining Candidate Agents for Clinical Trial

Pre-Clinical Criteria
Experimental evidence of a neuroprotective action using an established neuroprotective model at physiological drug doses (1-1000 �M

concentration in ex vivo normalized preparations of cultured cells or drug doses of 1-1000 mM in in vivo live animals)
Independent replication of the neuroprotective action in the same model and at the same dose
Replication of the neuroprotective action in at least one other model at a physiological dose
Replication of the neuroprotective action in neural tissue, preferably mature neurons or glia, at a physiological dose
Independent replication of the neuroprotective action in the specified neural tissue at the same site and in the same animal at the same

dose (e.g., replication of a rat striatal neuron finding in a rat striatal neuron model, rather than in rat cerebellar granule cells)
Evidence in an accepted animal model for a specific disease (e.g., transgenic mice, MPTP primate model, etc., their limitations

notwithstanding)
Evidence of multiple neuroprotective actions that have been demonstrated as above
A greater overall neuroprotective positive “valence” (the number of neuroprotective actions minus the number of neurodegenerative

actions demonstrated for the agent of interest (e.g., an agent with 3 distinct neuroprotective actions (e.g., inhibition of A� production, t
hyperphosphorylation, and PTP formation) and 1 neurodegenerative action (e.g., proteasome inhibition) might be assigned a positive
valence of 3-1�2 (recognizing at the present time that these different actions may some day be demonstrated to have differentially
weighted correlation coefficients with neurodegenerative progression)

Clinical Criteria
Clinical evidence indicative of delayed progression (e.g., lack of deterioration in MMSE after several years in a patient rigorously

diagnosed for AD, 6 years or more in a given Hoehn and Yahr stage in a patient rigorously diagnosed with PD, failure of temporal lobe
atrophy to progress on MRI serial medial temporal lobe quantitations in rigorously diagnosed AD, failure of flouroDOPA binding to
decline over a suitable time frame in rigorously diagnosed PD, etc.)

Evidence of more benign disease course than expected for patients in a case series or clinical trial (particularly if symptomatic effects of
the drug can be controlled for)

Putative criteria for assessing the probability that an agent will demonstrate translational neuroprotective effect in a clinical trial. Since the
predictive utility of these factors remain to be demonstrated, an equal weighting is assigned to each criterion. It is suggested that the more criteria
an agent meets, the greater the likelihood that it will yield significant results in a clinical neuroprotective trial.

A��beta-amyloid; AD�Alzheimer’s disease; DOPA�di-hydroxy-phenylalanine; MMSE�Mini-Mental State Examination; MPTP�1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine; PD�Parkinson’s disease; PTP�mitochondrial permeability transition pore; t�tau.

A30 http://neuro.psychiatryonline.org J Neuropsychiatry Clin Neurosci 22:1, Winter 2010

Downloaded From: http://neuro.psychiatryonline.org/ on 05/23/2012



T
A

B
L

E
7.

R
el

at
iv

e
W

ei
gh

t
of

P
re

cl
in

ic
al

D
at

a
fo

r
A

ct
io

n
s

of
th

e
M

os
t

P
ro

m
is

in
g

N
eu

ro
p

ro
te

ct
iv

e
A

ge
n

ts

A
ge

n
t

�
S

yn
A

�
t

P
ro

te
as

om
e

M
it

oc
h

on
d

ri
on

R
O

S
&

P
T

P
C

el
l

V
ia

b
il

it
y

A
p

op
to

si
s

Pr
am

ip
ex

ol
e

�
(M

PP
�

)
�

(A
�

)
�

�
�

�
�

�
�

�
�

�
(A

�
,M

PP
�

,
H

2O
2,

A
L

S,
st

ri
at

um
)

�
�

�
�

�
�

�
�

(M
PP

�
,H

2O
2,

ro
te

no
ne

)
T

hi
or

id
az

in
e

�
�

�
�

�
�

�

O
la

nz
ap

in
e

-
(c

er
eb

el
lu

m
)

�
�

(A
�

,S
O

D
1)

�
�

(r
ot

en
on

e)
�

�
�

�
�

(A
�

,M
PP

�
,

fr
on

ta
l

lo
be

)
-

Q
ue

ti
ap

in
e

-
�

�
(A

�
)

�
(r

ot
en

on
e)

�
�

-
L

it
hi

um
�

�
�

(G
SK

-3
�

,g
am

m
a-

se
cr

et
as

e,
A

D
A

PP
tr

an
sg

en
ic

m
ic

e)

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

(G
SK

-3
,A

�
,

ce
re

be
lla

r
gr

an
ul

e
ce

lls
,

hi
pp

oc
am

pu
s,

ba
sa

l
fo

re
br

ai
n

ch
ol

in
er

gi
c

ne
ur

on
s,

A
D

tr
an

sg
en

ic
m

ic
e,

FT
D

P-
17

tr
an

sg
en

ic
m

ic
e)

--
(G

SK
-3

�
,

ta
uo

pa
th

ic
A

D
tr

an
sg

en
ic

m
ic

e)

�
-

(r
at

ci
ng

ul
at

e
co

rt
ex

an
d

nu
cl

eu
s

ac
cu

m
be

ns
)

�
�

�
�

�
(g

lu
ta

m
at

e,
H

2O
2,

ro
te

no
ne

,c
er

eb
el

la
r

gr
an

ul
e

ce
lls

)

�
�

�
(c

er
eb

el
la

r
gr

an
ul

e
ce

lls
)

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

(G
SK

-3
�

,A
�

,
ce

re
be

lla
r

gr
an

ul
e

ce
lls

,c
er

eb
el

lu
m

,
ce

re
br

al
co

rt
ex

,
hi

pp
oc

am
pu

s,
st

ri
at

um
,a

gi
ng

,
gl

ut
am

at
e,

N
M

D
A

ag
on

is
ts

,A
L

S
m

ou
se

m
od

el
,H

D
m

od
el

)
--

--
(t

au
d

ep
ho

sp
ho

ry
la

ti
on

,
hi

pp
oc

am
pu

s)
V

al
pr

oi
c

ac
id

�
(A

D
A

PP
tr

an
sg

en
ic

m
ic

e)
-

--
--

--
--

--
--

--
--

--
--

(b
ra

in
)

�
�

�
(r

ot
en

on
e,

H
2O

2)
--

�
(r

at
ce

re
br

al
co

rt
ex

)
�

�
�

�
�

�
�

�
�

�
(G

SK
-3

�
,A

�
,

ro
te

no
ne

,H
2O

2,
gl

ut
am

at
e,

N
M

D
A

re
ce

pt
or

ag
on

is
ts

,
ce

re
be

lla
r

gr
an

ul
e

ce
lls

,h
ip

po
ca

m
pu

s,
br

ai
n)

--
--

-
(m

ic
ro

gl
ia

,
ce

re
be

lla
r

gr
an

ul
e

ce
lls

,y
ou

ng
ra

t
br

ai
n)

N
or

tr
ip

ty
lin

e
�

�
(g

lu
ta

m
at

e,
H

D
an

d
A

L
S

tr
an

sg
en

ic
m

ic
e)

�
(A

L
S

tr
an

sg
en

ic
m

ic
e)

-

�
(g

lu
ta

m
at

e,
H

D
tr

an
sg

en
ic

m
ic

e)

D
es

ip
ra

m
in

e
�

�
�

�
(g

lu
ta

m
at

e,
H

D
tr

an
sg

en
ic

m
ic

e)
�

�
�

�
�

�
�

(g
lu

ta
m

at
e,

6-
O

H
D

A
,H

D
tr

an
sg

en
ic

m
ic

e,
hi

pp
oc

am
pa

l
ne

ur
al

st
em

ce
lls

)
M

ap
ro

ti
lin

e
�

(g
lu

ta
m

at
e,

H
D

tr
an

sg
en

ic
m

ic
e)

�
(g

lu
ta

m
at

e,
H

D
tr

an
sg

en
ic

m
ic

e)
Fl

uo
xe

ti
ne

�
--

�
-

�
�

Pa
ro

xe
ti

ne
�

(A
D

tr
an

sg
en

ic
m

ic
e)

�
(A

D
tr

an
sg

en
ic

m
ic

e)
B

us
pi

ro
ne

�
�

�
�

(n
eu

ro
ns

)
C

lo
na

ze
pa

m
�

(h
um

an
C

om
pl

ex
I

d
efi

ci
en

cy
)

�
�

�
(H

2O
2)

�

D
ip

he
nh

yd
ra

m
in

e
�

M
el

at
on

in
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

(s
en

es
ce

nt
m

ic
e,

ra
t

br
ai

n,
ra

t
hi

pp
oc

am
pa

l
py

ra
m

id
al

ne
ur

on
s,

hu
m

an
A

D
)

--
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
(M

PP
�

,
6-

O
H

D
A

,r
at

br
ai

n,
se

ne
sc

en
t

m
ic

e)

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

(g
lu

ta
m

at
e,

A
�

,r
ot

en
on

e,
H

2O
2)

se
ne

sc
en

t
m

ic
e,

m
ou

se
hi

pp
oc

am
pa

l
ce

lls
,h

um
an

A
D

ne
ur

on
s,

he
m

ip
ar

ki
ns

on
ia

n
ra

ts
,r

at
su

bs
ta

nt
ia

ni
gr

a,
ra

t
br

ai
n

as
tr

oc
yt

es
,a

gi
ng

ra
t,

ce
re

be
lla

r
gr

an
ul

e
ce

lls
)

�
�

�
�

�
(A

�
)

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
(N

O
,A

�
,

M
PP

�
,c

er
eb

el
la

r
gr

an
ul

e
ce

lls
,r

at
pr

ef
ro

nt
al

co
rt

ex
,

ra
t

br
ai

n,
ra

bb
it

sp
in

al
co

rd
,p

in
ea

l
ce

lls
)

T
he

ta
bl

e
sh

ow
s

th
e

nu
m

be
r

of
st

ud
ie

s
su

pp
or

ti
ng

a
ne

ur
op

ro
te

ct
iv

e
ac

ti
on

(“
�

”)
an

d
th

e
nu

m
be

r
in

d
ic

at
in

g
an

ad
ve

rs
e

ef
fe

ct
on

th
e

ne
ur

op
ro

te
ct

iv
e

fu
nc

ti
on

(“
-“

).
T

hi
s

ta
bl

e
d

oe
s

no
tr

ec
or

d
th

e
nu

m
be

r
of

st
ud

ie
s

fa
ili

ng
to

re
pl

ic
at

e
th

e
po

si
ti

ve
or

ne
ga

ti
ve

fi
nd

in
gs

,w
hi

ch
ar

e
ve

ry
fe

w
an

d
ar

e
al

re
ad

y
re

co
rd

ed
in

T
ab

le
s

1–
3.

A
ll

d
at

a
in

th
is

ta
bl

e
ar

e
ab

st
ra

ct
ed

fr
om

T
ab

le
s

1–
3.

M
od

el
s

th
at

ar
e

sp
ec

ifi
ca

lly
re

le
va

nt
to

m
aj

or
ne

ur
od

eg
en

er
at

iv
e

d
is

ea
se

s
or

sp
ec

ifi
c

ce
nt

ra
ln

er
vo

us
sy

st
em

ce
lls

ar
e

al
so

pr
ov

id
ed

.T
he

d
at

a
in

th
is

ta
bl

e
re

fl
ec

t
st

ud
ie

s
in

m
at

ur
e

ti
ss

ue
s

an
d

d
o

no
t

co
ns

id
er

im
m

at
ur

e
or

ne
op

la
st

ic
ce

ll
lin

es
,e

xc
ep

ti
n

th
e

ca
se

of
un

ex
pe

ct
ed

fin
d

in
gs

su
pp

or
ti

ng
ne

ur
op

ro
te

ct
iv

e
ac

ti
on

s
d

em
on

st
ra

bl
e

ev
en

in
im

m
at

ur
e

(o
ne

bu
sp

ir
on

e
st

ud
y

of
fe

ta
lr

at
rh

om
be

nc
ep

ha
lic

ne
ur

on
s)

an
d

ne
op

la
st

ic
ce

ll
lin

es
(m

ul
ti

pl
e

st
ud

ie
s

of
an

ti
ap

op
to

ti
c

ef
fe

ct
s

of
m

el
at

on
in

).
A

�
�

be
ta

-a
m

yl
oi

d
;

A
D

�
A

lz
he

im
er

’s
d

is
ea

se
;

A
L

S�
am

yo
tr

op
hi

c
la

te
ra

l
sc

le
ro

si
s;

A
PP

�
am

yl
oi

d
pr

ec
ur

so
r

pr
ot

ei
n;

�
Sy

n
al

ph
a-

sy
nu

cl
ei

n;
FT

D
P-

17
�

fr
on

to
te

m
po

ra
l

d
em

en
ti

a
w

it
h

pa
rk

in
so

ni
sm

as
so

ci
at

ed
w

it
h

ch
ro

m
os

om
e

17
m

ut
at

io
ns

of
th

e
ta

u
ge

ne
;

G
SK

-3
�

�
gl

yc
og

en
sy

nt
ha

se
ki

na
se

3-
be

ta
;

H
2O

2
�

hy
d

ro
ge

n
pe

ro
xi

d
e;

H
D

�
H

un
ti

ng
to

n’
s

d
is

ea
se

;
M

PP
�

�
1-

m
et

hy
l-

4-
ph

en
yl

py
ri

d
in

e
io

n;
N

M
D

A
�

N
-m

et
hy

l-
D

-a
sp

ar
ta

te
;

N
O

�
ni

tr
ic

ox
id

e;
6-

O
H

D
A

�
6-

hy
d

ro
xy

-d
op

am
in

e;
PD

�
Pa

rk
in

so
n’

s
d

is
ea

se
;

PT
P�

m
it

oc
ho

nd
ri

al
pe

rm
ea

bi
lit

y
tr

an
si

ti
on

po
re

;
R

O
S�

re
ac

ti
ve

ox
yg

en
sp

ec
ie

s;
SO

D
1�

su
pe

ro
xi

d
e

d
is

m
ut

as
e

1;
t�

ta
u.

J Neuropsychiatry Clin Neurosci 22:1, Winter 2010 http://neuro.psychiatryonline.org A31

Downloaded From: http://neuro.psychiatryonline.org/ on 05/23/2012



T
A

B
L

E
8.

S
id

e-
B

-S
id

e
C

om
p

ar
is

on
O

f
N

eu
ro

p
ro

te
ct

iv
e

P
ro

fi
le

s
O

f
P

ro
m

is
in

g
N

eu
ro

p
ro

te
ct

iv
e

P
sy

ch
ot

ro
p

ic
s

A
ge

n
t

aS
A

�
t

P
ro

te
as

om
e

M
it

oc
h

on
d

ri
on

R
O

S
&

P
T

P
C

el
l

V
ia

b
il

it
y

A
p

op
to

si
s

Pr
am

ip
ex

ol
e

1�
PD

1�
A

D
10

�
A

D
,P

D
,A

L
S

8�
PD

T
hi

or
id

az
in

e
3�

4�
O

la
nz

ap
in

e
1-

2�
A

D
,A

L
S

2�
PD

5�
A

D
,P

D
Q

ue
ti

ap
in

e
1-

2�
A

D
1�

PD
2�

1-
L

it
hi

um
3�

A
D

34
�

A
D

,F
T

D
P-

17
2-

A
D

1�
1-

5�
A

D
,P

D
,H

D
3�

30
�

A
D

,A
L

S,
H

D
V

al
pr

oi
c

ac
id

1�
A

D
1-

20
-

3�
PD

2-
1�

10
�

A
D

,P
D

,H
D

N
or

tr
ip

ty
lin

e
2�

H
D

,A
L

S
1�

A
L

S
1-

1�
H

D
D

es
ip

ra
m

in
e

4�
H

D
7�

PD
,H

D
,A

D
M

ap
ro

ti
lin

e
1�

H
D

1�
H

D
Fl

uo
xe

ti
ne

1�
2-

1�
1-

2�
Pa

ro
xe

ti
ne

1�
A

D
1�

A
D

B
us

pi
ro

ne
4�

C
lo

na
ze

pa
m

1�
3�

PD
1�

D
ip

he
nh

yd
ra

m
in

e
1�

M
el

at
on

in
3�

5�
11

�
A

D
2-

22
�

PD
,A

D
36

�
A

D
,P

D
5�

A
D

27
�

PD

T
hi

s
ta

bl
e

d
is

pl
ay

s
a

si
d

e-
by

-s
id

e
co

m
pa

ri
so

n
of

th
e

d
if

fe
re

nt
d

ru
gs

re
ga

rd
ed

as
pr

om
is

in
g

fo
r

cl
in

ic
al

ne
ur

op
ro

te
ct

io
n.

T
he

se
co

m
pa

ri
so

ns
ar

e
ab

st
ra

ct
ed

fr
om

T
A

B
L

E
7,

sh
ow

in
g

th
e

nu
m

be
r

of
st

ud
ie

s
su

pp
or

ti
ng

a
ne

ur
op

ro
te

ct
iv

e
ac

ti
on

(“
�

”)
an

d
th

e
nu

m
be

r
in

d
ic

at
in

g
an

ad
ve

rs
e

ef
fe

ct
on

th
e

ne
ur

op
ro

te
ct

iv
e

fu
nc

ti
on

(“
-“

).
T

hi
s

ta
bl

e
d

oe
s

no
t

re
co

rd
th

e
nu

m
be

r
of

st
ud

ie
s

fa
ili

ng
to

re
pl

ic
at

e
th

e
po

si
ti

ve
or

ne
ga

ti
ve

fin
d

in
gs

,w
hi

ch
ar

e
ve

ry
fe

w
an

d
ar

e
al

re
ad

y
re

co
rd

ed
in

T
ab

le
s

1–
3.

W
he

re
sp

ec
ifi

c
d

is
ea

se
–

re
le

va
nt

m
od

el
s

ha
ve

d
em

on
st

ra
te

d
ne

ur
op

ro
te

ct
iv

e
or

ne
ur

od
eg

en
er

at
iv

e
ac

ti
on

s,
th

e
re

le
va

nt
d

is
ea

se
is

m
en

ti
on

ed
.T

he
d

at
a

in
th

is
ta

bl
e

re
fl

ec
t

st
ud

ie
s

in
m

at
ur

e
ti

ss
ue

s
an

d
d

o
no

t
co

ns
id

er
im

m
at

ur
e

or
ne

op
la

st
ic

ce
ll

lin
es

,e
xc

ep
t

in
th

e
ca

se
of

un
ex

pe
ct

ed
fin

d
in

gs
su

pp
or

ti
ng

ne
ur

op
ro

te
ct

iv
e

ac
ti

on
s

d
em

on
st

ra
bl

e
ev

en
in

im
m

at
ur

e
(o

ne
bu

sp
ir

on
e

st
ud

y
of

fe
ta

l
ra

t
rh

om
be

nc
ep

ha
lic

ne
ur

on
s)

an
d

ne
op

la
st

ic
ce

ll
lin

es
(m

ul
ti

pl
e

st
ud

ie
s

of
an

ti
ap

op
to

ti
c

ef
fe

ct
s

of
m

el
at

on
in

).
A

D
�

A
lz

he
im

er
’s

d
is

ea
se

;A
L

S�
am

yo
tr

op
hi

c
la

te
ra

ls
cl

er
os

is
;F

T
D

P-
17

�
fr

on
to

te
m

po
ra

ld
em

en
ti

a
w

it
h

pa
rk

in
so

ni
sm

as
so

ci
at

ed
w

it
h

ch
ro

m
os

om
e

17
m

ut
at

io
ns

of
th

e
ta

u
ge

ne
;

H
D

�
H

un
ti

ng
to

n’
s

d
is

ea
se

;P
D

�
Pa

rk
in

so
n’

s
d

is
ea

se
.

A32 http://neuro.psychiatryonline.org J Neuropsychiatry Clin Neurosci 22:1, Winter 2010

Downloaded From: http://neuro.psychiatryonline.org/ on 05/23/2012



References

1. Alzheimer’s Association: 2007. Alzheimer’s Disease Facts
and Figures. Chicago, Alzheimer’s Association, 2007

2. Rice DP, Fillit HM, Max W, et al: Prevalence, costs, and
treatment of Alzheimer’s disease and related dementia: a
managed care perspective. Am J Manag Care 2001; 7:809–818

3. Meek PD, McKeithan K, Schumock GT: Economic consider-
ations in Alzheimer’s disease. Pharmacotherapy 1998; 18:
68–73

4. Silverman DH, Small GW, Chang CY, et al: Positron emission
tomography in evaluation of dementia: regional brain me-
tabolism and long-term outcome. JAMA 2001; 286:2120–2127

5. Brookmeyer R, Johnson E, Ziegler-Graham K, et al: Forecast-
ing the global burden of Alzheimer’s disease. Alzheimers
Dement 2007; 3:186–191

6. Layfield R, Cavey JR, Lowe J: Role of ubiquitin-mediated
proteolysis in the pathogenesis of neurodegenerative disor-
ders. Ageing Res Rev 2003; 2:343–356

7. Feany MB: New genetic insights into Parkinson’s disease.
N Engl J Med 2004; 351:1937–1940

8. Kharbanda S, Yuan ZM, Weichselbaum R, et al: Determina-
tion of cell fate by c-Abl activation in the response to DNA
damage. Oncogene 1998; 17:3309–3318

9. Friedlander RM: Apoptosis and caspases in neurodegenera-
tive diseases. N Engl J Med 2003; 348:1365–1375

10. Zhang JH, Zhang Y, Herman B: Caspases, apoptosis and
aging. Ageing Res Rev 2003; 2:357–366

11. Le Bras M, Rouy I, Brenner C: The modulation of inter-
organelle cross-talk to control apoptosis. Med Chem 2006;
2:1–12

12. El-Guendy N, Rangnekar VM: Apoptosis by Par-4 in cancer
and neurodegenerative diseases. Exp Cell Res 2003;
283:51–66

13. Kim R: Unknotting the roles of Bcl-2 and Bcl-xL in cell death.
Biochem Biophys Res Commun 2005; 333:336–343

14. Orrenius S, Gogvadze V, Zhivotovsky B: Mitochondrial oxi-
dative stress: implications for cell death. Annu Rev Pharma-
col Toxicol 2007; 47:143–183

15. Lemasters JJ, Qian T, Trost LC, et al: Confocal microscopy of
the mitochondrial permeability transition in necrotic and ap-
optotic cell death. Biochem Soc Symp 1999; 66:205–222

16. Zhang JH, Xu M: DNA fragmentation in apoptosis. Cell Res
2000; 10:205–211

17. Swerdlow RH: Mitochondrial DN: A-related mitochondrial
dysfunction in neurodegenerative diseases. Arch Pathol Lab
Med 2002; 126:271–280

18. Kakimura J, Kitamura Y, Takata K, et al: Release and aggre-
gation of cytochrome c and alpha-synuclein are inhibited by
the antiparkinsonian drugs, talipexole and pramipexole. Eur
J Pharmacol 2001; 417:59–67

19. Khan SM, Cassarino DS, Abramova NN, et al: Alzheimer’s
disease cybrids replicate beta-amyloid abnormalities through
cell death pathways. Ann Neurol 2000; 48:148–155

20. Uberti D, Bianchi I, Olivari L, et al: Pramipexole prevents
neurotoxicity induced by oligomers of beta-amyloid. Eur
J Pharmacol 2007; 569:194–196

21. Cassarino DS, Fall CP, Smith TS, et al: Pramipexole reduces
reactive oxygen species production in vivo and in vitro and
inhibits the mitochondrial permeability transition produced

by the parkinsonian neurotoxin methylpyridinium ion.
J Neurochem 1998; 71:295–301

22. Kitamura Y, Kosaka T, Kakimura JI, et al: Protective effects of
the antiparkinsonian drugs talipexole and pramipexole
against 1-methyl-4-phenylpyridinium-induced apoptotic
death in human neuroblastoma SH-SY5Y cells. Mol Pharma-
col 1998; 54:1046–1054

23. Pattee GL, Post GR, Gerber RE, et al: Reduction of oxidative
stress in amyotrophic lateral sclerosis following pramipexole
treatment. Amyotroph Lateral Scler Other Motor Neuron
Disord 2003; 4:90–95

24. Sayeed I, Parvez S, Winkler-Stuck K, et al: Patch clamp re-
veals powerful blockade of the mitochondrial permeability
transition pore by the D2-receptor agonist pramipexole.
FASEB J 2006; 20:556–558

25. Gu M, Iravani MM, Cooper JM, et al: Pramipexole protects
against apoptotic cell death by non-dopaminergic mecha-
nisms. J Neurochem 2004; 91:1075–1081

26. Fujita Y, Izawa Y, Ali N, et al: Pramipexole protects against
H2O2-induced PC12 cell death. Naunyn Schmiedebergs Arch
Pharmacol 2006; 372:257–266

27. Abramova NA, Cassarino DS, Khan SM, et al: Inhibition by
R(�) or S(-) pramipexole of caspase activation and cell death
induced by methylpyridinium ion or beta amyloid peptide in
SH-SY5Y neuroblastoma. J Neurosci Res 2002; 67:494–500

28. Zou L, Jankovic J, Rowe DB, et al: Neuroprotection by
pramipexole against dopamine- and levodopa-induced cyto-
toxicity. Life Sci 1999; 64:1275–1285

29. Wenk GL, Danysz W, Roice DD: The effects of mitochondrial
failure upon cholinergic toxicity in the nucleus basalis. Neu-
roreport 1996; 7:1453–1456

30. Morris SJ, Price GE, Barnett JM, et al: Role of neuraminidase
in influenza virus-induced apoptosis. J Gen Virol 1999; 80:
137–146

31. McKinney LC, Galliger SJ, Lowy RJ: Active and inactive
influenza virus induction of tumor necrosis factor-alpha and
nitric oxide in J774.1 murine macrophages: modulation by
interferon-gamma and failure to induce apoptosis. Virus Res
2003; 97:117–126

32. Ono K, Hasegawa K, Naiki H, et al: Anti-parkinsonian agents
have anti-amyloidogenic activity for Alzheimer’s beta-amy-
loid fibrils in vitro. Neurochem Int 2006; 48:275–285

33. Palotas A, Pakaski M, Palotas M, et al: Effect of haloperidol
and risperidone on amyloid precursor protein levels in vivo.
Brain Res Bull 2003; 62:93–99

34. Maurice T, Su TP, Privat A: Sigma1 (sigma 1) receptor ago-
nists and neurosteroids attenuate B25–35-amyloid peptide-
induced amnesia in mice through a common mechanism.
Neuroscience 1998; 83:413–428

35. Palotas A, Penke B, Palotas M, et al: Haloperidol attenuates
beta-amyloid-induced calcium imbalance in human fibro-
blasts. Skin Pharmacol Physiol 2004; 17:195–199

36. Zhu LQ, Wang SH, Ling ZQ, et al: Inhibition of melatonin
biosynthesis activates protein kinase A and induces Alzhei-
mer-like tau hyperphosphorylation in rats. Chin Med Sci J
2005; 20:83–87

37. Zhu LQ, Wang SH, Ling ZQ, et al: Effect of inhibiting mel-

J Neuropsychiatry Clin Neurosci 22:1, Winter 2010 http://neuro.psychiatryonline.org A33

Downloaded From: http://neuro.psychiatryonline.org/ on 05/23/2012



atonin biosynthesis on spatial memory retention and tau
phosphorylation in rat. J Pineal Res 2004; 37:71–77

38. James AB, Conway AM, Morris BJ: Genomic profiling of the
neuronal target genes of the plasticity-related transcription
factor – Zif268. J Neurochem 2005; 95:796–810

39. James AB, Conway AM, Morris BJ: Regulation of the neuro-
nal proteasome by Zif268 (Egr1). J Neurosci 2006; 26:1624–
1634

40. Casademont J, Garrabou G, Miro O, et al: Neuroleptic treat-
ment effect on mitochondrial electron transport chain: pe-
ripheral blood mononuclear cells analysis in psychotic pa-
tients. J Clin Psychopharmacol 2007; 27:284–288

41. Modica-Napolitano JS, Lagace CJ, Brennan WA, et al: Differ-
ential effects of typical and atypical neuroleptics on mito-
chondrial function in vitro. Arch Pharm Res 2003; 26:951–959

42. Burkhardt C, Kelly JP, Lim YH, et al: Neuroleptic medica-
tions inhibit complex I of the electron transport chain. Ann
Neurol 1993; 33:512–517

43. Prince JA, Yassin MS, Oreland L: Neuroleptic-induced mito-
chondrial enzyme alterations in the rat brain. J Pharmacol
Exp Ther 1997; 280:261–267

44. Barrientos A, Marin C, Miro O, et al: Biochemical and mo-
lecular effects of chronic haloperidol administration on brain
and muscle mitochondria of rats. J Neurosci Res 1998; 53:
475–481

45. Balijepalli S, Boyd MR, Ravindranath V: Inhibition of mito-
chondrial complex I by haloperidol: the role of thiol oxida-
tion. Neuropharmacology 1999; 38:567–577

46. Balijepalli S, Kenchappa RS, Boyd MR, et al: Protein thiol
oxidation by haloperidol results in inhibition of mitochon-
drial complex I in brain regions: comparison with atypical
antipsychotics. Neurochem Int 2001; 38:425–435

47. Maurer I, Moller HJ: Inhibition of complex I by neuroleptics
in normal human brain cortex parallels the extrapyramidal
toxicity of neuroleptics. Mol Cell Biochem 1997; 174:255–259

48. Polydoro M, Schroder N, Lima MN, et al: Haloperidol- and
clozapine-induced oxidative stress in the rat brain. Pharma-
col Biochem Behav 2004; 78:751–756

49. Wei Z, Mousseau DD, Dai Y, et al: Haloperidol induces
apoptosis via the sigma2 receptor system and Bcl-XS. Phar-
macogenomics J 2006; 6:279–288

50. Skoblenick KJ, Castellano JM, Rogoza RM, et al: Transloca-
tion of AIF in the human and rat striatum following pro-
tracted haloperidol, but not clozapine treatment. Apoptosis
2006; 11:663–672

51. Tan QR, Wang XZ, Wang CY, et al: Differential effects of
classical and atypical antipsychotic drugs on rotenone-in-
duced neurotoxicity in PC12 cells. Eur Neuropsychopharma-
col 2007; 17:768–773

52. An JJ, Cho SR, Jeong DW, et al: Anti-proliferative effects and
cell death mediated by two isoforms of dopamine D2 recep-
tors in pituitary tumor cells. Mol Cell Endocrinol 2003; 206:
49–62

53. Noh JS, Kang HJ, Kim EY, et al: Haloperidol-induced neuro-
nal apoptosis: role of p38 and c-Jun-NH(2)-terminal protein
kinase. J Neurochem 2000; 75:2327–2334

54. Ukai W, Ozawa H, Tateno M, et al: Neurotoxic potential of
haloperidol in comparison with risperidone: implication of
Akt-mediated signal changes by haloperidol. J Neural
Transm 2004; 111:667–681

55. Colombo C, Cosentino M, Marino F, et al: Dopaminergic
modulation of apoptosis in human peripheral blood mono-
nuclear cells: possible relevance for Parkinson’s disease. Ann
N Y Acad Sci 2003; 1010:679–682

56. Jarskog LF, Gilmore JH, Glantz LA, et al: Caspase-3 activa-
tion in rat frontal cortex following treatment with typical and
atypical antipsychotics. Neuropsychopharmacology 2007; 32:
95–102

57. Mitchell IJ, Cooper AC, Griffiths MR, et al: Acute adminis-
tration of haloperidol induces apoptosis of neurones in the
striatum and substantia nigra in the rat. Neuroscience 2002;
109:89–99

58. Nordenberg J, Perlmutter I, Lavie G, et al: Anti-proliferative
activity of haloperidol in B16 mouse and human SK-MEL-28
melanoma cell lines. Int J Oncol 2005; 27:1097–1103

59. Crawford KW, Bowen WD: Sigma-2 receptor agonists acti-
vate a novel apoptotic pathway and potentiate antineoplastic
drugs in breast tumor cell lines. Cancer Res 2002; 62:313–322

60. Wei Z, Mousseau DD, Richardson JS, et al: Atypical antipsy-
chotics attenuate neurotoxicity of beta-amyloid (25–35) by
modulating Bax and Bcl-X(l/s) expression and localization.
J Neurosci Res 2003; 74:942–947

61. Wilk S, Chen WE, Magnusson RP: Modulators of the activa-
tion of the proteasome by PA28 (11S reg). Mol Biol Rep 1999;
26:39–44

62. Ruiz de Mena I, Mahillo E, Arribas J, et al: Kinetic mechanism
of activation by cardiolipin (diphosphatidylglycerol) of the
rat liver multicatalytic proteinase. Biochem J 1993; 296:93–97

63. Prince JA, Yassin MS, Oreland L: A histochemical demon-
stration of altered cytochrome oxidase activity in the rat
brain by neuroleptics. Eur Neuropsychopharmacol 1998;
8:1–6

64. Vamecq J: Chlorpromazine and carnitine-dependency of rat
liver peroxisomal beta-oxidation of long-chain fatty acids.
Biochem J: 1987; 241:783–791

65. Vamecq J, Roels F, Van den Branden C, et al: Peroxisomal
proliferation in heart and liver of mice receiving chlorprom-
azine, ethyl 2(5(4-chlorophenyl)pentyl) oxiran-2-carboxylic
acid or high fat diet: a biochemical and morphometrical com-
parative study. Pediatr Res 1987; 22:748–754

66. Gil-Ad I, Shtaif B, Levkovitz Y, et al: Characterization of
phenothiazine-induced apoptosis in neuroblastoma and gli-
oma cell lines: clinical relevance and possible application for
brain-derived tumors. J Mol Neurosci 2004; 22:189–198

67. Gasiorowski K, Brokos B, Kulma A, et al: Impact of four
antimutagens on apoptosis in genotoxically damaged lym-
phocytes in vitro. Cell Mol Biol Lett 2001; 6:649–675

68. Dictus WJ, Broers-Vendrig CM, de Jong-Brink M: The role of
IP3, PKC, and pHi in the stimulus-response coupling of
calfluxin-stimulated albumen glands of the freshwater snail
Lymnaea stagnalis. Gen Comp Endocrinol 1988; 70:206–215

69. Etcheberrigaray R, Tan M, Dewachter I, et al: Therapeutic
effects of PKC activators in Alzheimer’s disease transgenic
mice. Proc Natl Acad Sci U S A 2004; 101:11141–11146

70. Miyata Y, Hoshi M, Nishida E, et al: Binding of microtubule-
associated protein 2 and tau to the intermediate filament
reassembled from neurofilament 70-kDa subunit protein. Its
regulation by calmodulin J Biol Chem 1986; 261:13026–13030

71. Lee YC, Wolff J: Calmodulin binds to both microtubule-as-

A34 http://neuro.psychiatryonline.org J Neuropsychiatry Clin Neurosci 22:1, Winter 2010

Downloaded From: http://neuro.psychiatryonline.org/ on 05/23/2012



sociated protein 2 and tau proteins. J Biol Chem 1984; 259:
1226–1230

72. Gong CX, Shaikh S, Grundke-Iqbal I, et al: Inhibition of pro-
tein phosphatase-2B (calcineurin) activity towards Alzhei-
mer abnormally phosphorylated tau by neuroleptics. Brain
Res 1996; 741:95–102

73. Dabbeni-Sala F, Schiavo G, Palatini P: Mechanism of local
anesthetic effect on mitochondrial ATP synthase as deduced
from photolabelling and inhibition studies with phenothia-
zine derivatives. Biochim Biophys Acta 1990; 1026:117–125

74. Zhelev Z, Ohba H, Bakalova R, et al: Phenothiazines sup-
press proliferation and induce apoptosis in cultured leuke-
mic cells without any influence on the viability of normal
lymphocytes: phenothiazines and leukemia. Cancer Che-
mother Pharmacol 2004; 53:267–275

75. Xue JH, Takahashi H, Yamaguchi M: Stimulatory effect of
regucalcin on mitochondrial ATP-dependent calcium uptake
activity in rat kidney cortex. J Cell Biochem 2000; 80:285–292

76. Ruben L, Rasmussen H: Phenothiazines and related com-
pounds disrupt mitochondrial energy production by a calm-
odulin-independent reaction. Biochim Biophys Acta 1981;
637:415–422

77. Reinhart PH, Taylor WM, Bygrave FL: Trifluoperazine, an
inhibitor of calmodulin action, antagonises phenylephrine-
induced metabolic responses and mitochondrial calcium
fluxes in liver. FEBS Lett 1980; 120:71–74

78. Vale MG, Moreno AJ, Carvalho AP: Effects of calmodulin
antagonists on the active Ca2� uptake by rat liver mitochon-
dria. Biochem J: 1983; 214:929–935

79. Garcia JJ, Gomez-Puyou A, de Gomez-Puyou MT: Unisite
hydrolysis of [gamma 32. P]ATP by soluble mitochondrial
F1-ATPase and its release by excess ADP and ATP. Effect of
trifluoperazine. J Bioenerg Biomembr 29:61–70, 1997

80. Dunn pp, Slabas AR, Cottingham IR, et al: Trifluoperazine
inhibition of electron transport and adenosine triphosphatase
in plant mitochondria. Arch Biochem Biophys 1984; 229:287–
294

81. Cheah KS, Waring JC: Effect of trifluoperazine on skeletal
muscle mitochondrial respiration. Biochim Biophys Acta
1983; 723:45–51

82. Hubler MO, Ishii-Iwamoto EL, Pagadigorria C, et al: Meta-
bolic effects of trifluoperazine in the liver and the influence of
calcium. Chem Biol Interact 1996; 100:203–220

83. Lee CS, Park WJ, Ko HH, et al: Differential involvement of
mitochondrial permeability transition in cytotoxicity of
1-methyl-4-phenylpyridinium and 6-hydroxydopamine. Mol
Cell Biochem 2006; 289:193–200

84. Lee CS, Park SY, Ko HH, et al: Inhibition of MPP�-induced
mitochondrial damage and cell death by trifluoperazine and
W-7 in PC12 cells. Neurochem Int 2005; 46:169–178

85. Lee CS, Han ES, Han YS, et al: Differential effect of calmod-
ulin antagonists on MG132-induced mitochondrial dysfunc-
tion and cell death in PC12 cells. Brain Res Bull 2005; 67:225–
234

86. Hoyt KR, Sharma TA, Reynolds IJ: Trifluoperazine and di-
bucaine-induced inhibition of glutamate-induced mitochon-
drial depolarization in rat cultured forebrain neurones. Br J
Pharmacol 1997; 122:803–808

87. Pereira Rde D, Hermes-Lima M: Can trifluoperazine protect

mitochondria against reactive oxygen species-induced dam-
age? Eur J Drug Metab Pharmacokinet 1996; 21:281–284

88. Tjalkens RB, Ewing MM, Philbert MA: Differential cellular
regulation of the mitochondrial permeability transition in an
in vitro model of 1, 3-dinitrobenzene-induced encephalopa-
thy. Brain Res 2000; 874:165–177

89. Nieminen AL, Saylor AK, Tesfai SA, et al: Contribution of the
mitochondrial permeability transition to lethal injury after
exposure of hepatocytes to t-butylhydroperoxide. Biochem J
1995; 307:99–106

90. Pereira RS, Bertocchi AP, Vercesi AE: Protective effect of
trifluoperazine on the mitochondrial damage induced by
Ca2� plus prooxidants. Biochem Pharmacol 1992; 44:1795–
1801

91. Pourahmad J, Mihajlovic A, O’Brien PJ: Hepatocyte lysis in-
duced by environmental metal toxins may involve apoptotic
death signals initiated by mitochondrial injury. Adv Exp
Med Biol 2001; 500:249–252

92. Bartels-Stringer M, Kramers C, Wetzels JF, et al: Hypother-
mia causes a marked injury to rat proximal tubular cells that
is aggravated by all currently used preservation solutions.
Cryobiology 2003; 47:82–91

93. Tang TS, Slow E, Lupu V, et al: Disturbed Ca2� signaling
and apoptosis of medium spiny neurons in Huntington’s
disease. Proc Natl Acad Sci U S A 2005; 102:2602–2607

94. Csukly K, Ascah A, Matas J, et al: Muscle denervation pro-
motes opening of the permeability transition pore and in-
creases the expression of cyclophilin D. J Physiol 2006; 574:
319–327

95. Kristal BS, Brown AM: Apoptogenic ganglioside GD3 di-
rectly induces the mitochondrial permeability transition.
J Biol Chem 1999; 274:23169–23175

96. Lee CS, Kim YJ, Ko HH, et al: Synergistic effects of hydrogen
peroxide and ethanol on cell viability loss in PC12 cells by
increase in mitochondrial permeability transition. Biochem
Pharmacol 2005; 70:317–325

97. Nieminen AL, Byrne AM, Herman B, et al: Mitochondrial
permeability transition in hepatocytes induced by t-BuOOH:
NAD(P)H and reactive oxygen species. Am J Physiol 1997;
272:C1286–C1294

98. Wolberg G, Zimmerman TP: Effects of calmodulin antago-
nists on immune mouse lymphocytes. Mol Pharmacol 1984;
26:286–292

99. Lee SJ, Youn YC, Han ES, et al: Depressant effect of mito-
chondrial respiratory complex inhibitors on proteasome in-
hibitor-induced mitochondrial dysfunction and cell death in
PC12 cells. Neurochem Res 2005; 30:1191–1200

100. Karmakar P, Natarajan AT, Poddar RK, et al: Induction of
apoptosis by phenothiazine derivatives in V79 cells. Toxicol
Lett 2001; 125:19–28

101. Gil-Ad I, Shtaif B, Levkovitz Y, et al: Phenothiazines induce
apoptosis in a B16 mouse melanoma cell line and attenuate in
vivo melanoma tumor growth. Oncol Rep 2006; 15:107–112

102. Soberon R, Lopez-Alarcon L, Garcia-Canero R, et al: Action
of the antipsychotic drugs thiothixene and thioridazine on
isolated mitochondria. Rev Esp Fisiol 1976; 32:275–279

103. Zhang XM, Chen J, Xia YG, et al: Apoptosis of murine mel-
anoma B16-BL6 cells induced by quercetin targeting mito-
chondria, inhibiting expression of PKC-alpha and translocat-

J Neuropsychiatry Clin Neurosci 22:1, Winter 2010 http://neuro.psychiatryonline.org A35

Downloaded From: http://neuro.psychiatryonline.org/ on 05/23/2012



ing PKC-delta. Cancer Chemother Pharmacol 2005; 55:251–
262

104. Maurer I, Moller HJ: Inhibition of complex I by neuroleptics
in normal human brain cortex parallels the extrapyramidal
toxicity of neuroleptics. Mol Cell Biochem 1997; 174:255–259

105. Ozaki N, Tokunage Y, Wakashiro S, et al: Evaluation of
cytoprotective drugs for liver preservation by pyridine nu-
cleotide fluorometry. Surgery 1988; 104:98–103

106. Furuno T, Kanno T, Arita K, et al: Roles of long chain fatty
acids and carnitine in mitochondrial membrane permeability
transition. Biochem Pharmacol 2001; 62:1037–1046

107. Parks JK, Smith TS, Trimmer PA, et al: Neurotoxic abeta
peptides increase oxidative stress in vivo through NMDA-
receptor and nitric-oxide-synthase mechanisms, and inhibit
complex IV activity and induce a mitochondrial permeability
transition in vitro. J Neurochem 2001; 76:1050–1056

108. Tallan HH, Jacobson E, Wright CE, et al: Taurine uptake by
cultured human lymphoblastoid cells. Life Sci 1983; 33:1853–
1860

109. Rechnitzer C, Kristiansen JE, Kharazmi A: In vitro modula-
tion of human neutrophil chemotaxis by cis(Z)- and trans(E)-
clopenthixol, and chlorpromazine. Acta Pathol Microbiol Im-
munol Scand [C] 1985; 93:199–203

110. Ahlemeyer B, Krieglstein J: Stimulation of 5-HT1A receptor
inhibits apoptosis induced by serum deprivation in cultured
neurons from chick embryo. Brain Res 1997; 777:179–186

111. Ray SD, Balasubramanian G, Bagchi D, et al: Ca(2�)-calmod-
ulin antagonist chlorpromazine and poly(ADP-ribose) poly-
merase modulators 4-aminobenzamide and nicotinamide in-
fluence hepatic expression of BCL-XL and P53 and protect
against acetaminophen-induced programmed and unpro-
grammed cell death in mice. Free Radic Biol Med 2001; 31:
277–291

112. He P, Yan ZL, Wu MC, et al: Chlorpromazine inhibits hepa-
tocyte apoptosis caused by withdrawal of phenobarbital in
mice. Zhongguo Yao Li Xue Bao 1999; 20:970–974

113. Maeda S, Suzuki A, Lin KH, et al: DNA fragmentation in-
duced in high-cell-density culture of primary rat hepatocytes
is an active process dependent on energy availability, gene
expression, and calmodulin. J Biochem (Tokyo) 1995; 118:
1161–1165

114. Ray SD, Kamendulis LM, Gurule MW, et al: Ca2� antago-
nists inhibit DNA fragmentation and toxic cell death induced
by acetaminophen. FASEB J 1993; 7:453–463

115. Gil-Ad I, Shtaif B, Levkovitz Y, et al: Phenothiazines induce
apoptosis in a B16 mouse melanoma cell line and attenuate in
vivo melanoma tumor growth. Oncol Rep 2006; 15:107–112

116. Zinetti M, Galli G, Demitri MT, et al: Chlorpromazine inhib-
its tumour necrosis factor synthesis and cytotoxicity in vitro.
Immunology 1995; 86:416–421

117. Balakumaran A, Campbell GA, Moslen MT: Calcium channel
blockers induce thymic apoptosis in vivo in rats. Toxicol
Appl Pharmacol 1996; 139:122–127

118. Kurita M, Shimauchi T, Kobayashi M, et al: Induction of
keratinocyte apoptosis by photosensitizing chemicals plus
UVA. J Dermatol Sci 2007; 45:105–112

119. Hieronymus T, Grotsch P, Blank N, et al: Chlorpromazine
induces apoptosis in activated human lymphoblasts: a mech-
anism supporting the induction of drug-induced lupus ery-
thematosus? Arthritis Rheum 2000; 43:1994–2004

120. Chance DS, McIntosh MK: Hypolipidemic agents alter he-
patic mitochondrial respiration in vitro. Comp Biochem
Physiol C Pharmacol Toxicol Endocrinol 1995; 111:317–323

121. Beitner R, Chen-Zion M, Sofer-Bassukevitz Y, et al: Treat-
ment of frostbite with the calmodulin antagonists thiorida-
zine and trifluoperazine. Gen Pharmacol 1989; 20:641–646

122. Beitner R, Chen-Zion M, Sofer-Bassukevitz Y, et al: Thera-
peutic and prophylactic treatment of skin burns with several
calmodulin antagonists. Gen Pharmacol 1989; 20:165–173

123. Rodrigues T, Santos AC, Pigoso AA, et al: Thioridazine in-
teracts with the membrane of mitochondria acquiring anti-
oxidant activity toward apoptosis–potentially implicated
mechanisms. Br J Pharmacol 2002; 136:136–142

124. Wang H, Xu H, Dyck LE, et al: Olanzapine and quetiapine
protect PC12 cells from beta-amyloid peptide (25–35)-in-
duced oxidative stress and the ensuing apoptosis. J Neurosci
Res 2005; 81:572–580

125. Qing H, Xu H, Wei Z, et al: The ability of atypical antipsy-
chotic drugs vs. haloperidol to protect PC12 cells against
MPP�-induced apoptosis. Eur J Neurosci 2003; 17:1563–1570

126. Streck EL, Rezin GT, Barbosa LM, et al: Effect of antipsy-
chotics on succinate dehydrogenase and cytochrome oxidase
activities in rat brain. Naunyn Schmiedebergs Arch Pharma-
col 2007; 376:127–133

127. Wei Z, Bai O, Richardson JS, et al: Olanzapine protects PC12
cells from oxidative stress induced by hydrogen peroxide.
J Neurosci Res 2003; 73:364–368

128. He J, Xu H, Yang Y, et al: Neuroprotective effects of olanza-
pine on methamphetamine-induced neurotoxicity are asso-
ciated with an inhibition of hyperthermia and prevention of
Bcl-2 decrease in rats. Brain Res 2004; 1018:186–192

129. Wang C, McInnis J, Ross-Sanchez M, et al: Long-term behav-
ioral and neurodegenerative effects of perinatal phencyclid-
ine administration: implications for schizophrenia. Neuro-
science 2001; 107:535–550

130. Iverson S, Zahid N, Uetrecht JP: Predicting drug-induced
agranulocytosis: characterizing neutrophil-generated metab-
olites of a model compound, DMP 406, and assessing the
relevance of an in vitro apoptosis assay for identifying drugs
that may cause agranulocytosis Chem Biol Interact 2002; 142:
175–199

131. Przedborski S, Jackson-Lewis V, Fahn S: Antiparkinsonian
therapies and brain mitochondrial complex I activity. Mov
Disord 1995; 10:312–317

132. Johnson KM, Phillips M, Wang C, et al: Chronic phencycli-
dine induces behavioral sensitization and apoptotic cell
death in the olfactory and piriform cortex. J Neurosci Res
1998; 52:709–722

133. Iverson S, Zahid N, Uetrecht JP: Predicting drug-induced
agranulocytosis: characterizing neutrophil-generated metab-
olites of a model compound, DMP 406, and assessing the
relevance of an in vitro apoptosis assay for identifying drugs
that may cause agranulocytosis Chem Biol Interact 2002; 142:
175–199

134. Fehsel K, Loeffler S, Krieger K, et al: Clozapine induces ox-
idative stress and proapoptotic gene expression in neutro-
phils of schizophrenic patients. J Clin Psychopharmacol 2005;
25:419–426

135. Vargas F, Rivas C, Perdomo H, et al: Clozapine prevents

A36 http://neuro.psychiatryonline.org J Neuropsychiatry Clin Neurosci 22:1, Winter 2010

Downloaded From: http://neuro.psychiatryonline.org/ on 05/23/2012



apoptosis and enhances receptor-dependent respiratory
burst in human neutrophils. Pharmazie 2005; 60:364–368

136. Bijur GN, Jope RS: Glycogen synthase kinase-3 beta is highly
activated in nuclei and mitochondria. Neuroreport 2003; 14:
2415–2419

137. Su Y, Ryder J, Li B, et al: Lithium, a common drug for bipolar
disorder treatment, regulates amyloid-beta precursor protein
processing. Biochemistry 2004; 43:6899–6908

138. Phiel CJ, Wilson CA, Lee VM, et al: GSK-3alpha regulates
production of Alzheimer’s disease amyloid-beta peptides.
Nature 2003; 423:435–439

139. Sun X, Sato S, Murayama O, et al: Lithium inhibits amyloid
secretion in COS7 cells transfected with amyloid precursor
protein C100. Neurosci Lett 2002; 321:61–64

140. Feyt C, Kienlen-Campard P, Leroy K, et al: Lithium chloride
increases the production of amyloid-beta peptide indepen-
dently from its inhibition of glycogen synthase kinase 3.
J Biol Chem 2005; 280:33220–33227

141. Caccamo A, Oddo S, Tran LX, et al: Lithium reduces tau
phosphorylation but not A beta or working memory deficits
in a transgenic model with both plaques and tangles. Am J
Pathol 2007; 170:1669–1675

142. Dunn N, Holmes C, Mullee M: Does lithium therapy protect
against the onset of dementia? Alzheimer Dis Assoc Disord
2005; 19:20–22

143. Zeng YQ, Chen XC, Zhu YG, et al: [Ginsenoside Rbl attenu-
ates beta-amyloid peptide25–35 -induced tau hyperphospho-
rylation in cortical neurons.] Yao Xue Xue Bao 2005; 40:225–
230 (Chinese)

144. Jonathan Ryves W, Dalton EC, Harwood AJ, et al: GSK-3
activity in neocortical cells is inhibited by lithium but not
carbamazepine or valproic acid. Bipolar Disord 2005; 7:260–
265

145. Munoz-Montano JR, Moreno FJ, Avila J, et al: Lithium inhib-
its Alzheimer’s disease-like tau protein phosphorylation in
neurons. FEBS Lett 1997; 411:183–188

146. Lovestone S, Davis DR, Webster MT, et al: Lithium reduces
tau phosphorylation: effects in living cells and in neurons at
therapeutic concentrations. Biol Psychiatry 1999; 45:995–1003

147. Jamsa A, Hasslund K, Cowburn RF, et al: The retinoic acid
and brain-derived neurotrophic factor differentiated SH-
SY5Y cell line as a model for Alzheimer’s disease-like tau
phosphorylation. Biochem Biophys Res Commun 2004; 319:
993–1000

148. Hong M, Chen DC, Klein PS, et al: Lithium reduces tau
phosphorylation by inhibition of glycogen synthase kinase-3.
J Biol Chem 1997; 272:25326–25332

149. Jin N, Kovacs AD, Sui Z, et al: Opposite effects of lithium and
valproic acid on trophic factor deprivation-induced glycogen
synthase kinase-3 activation, c-Jun expression and neuronal
cell death. Neuropharmacology 2005; 48:576–583

150. Li X, Lu F, Tian Q, et al: Activation of glycogen synthase
kinase-3 induces Alzheimer-like tau hyperphosphorylation
in rat hippocampus slices in culture. J Neural Transm 2006;
113:93–102

151. Hawkes C, Jhamandas JH, Kar S: Selective loss of basal fore-
brain cholinergic neurons by 192. IgG-saporin is associated
with decreased phosphorylation of Ser glycogen synthase
kinase-3beta J Neurochem 2005; 95:263–272

152. Tatebayashi Y, Iqbal K, Grundke-Iqbal I: Dynamic regulation

of expression and phosphorylation of tau by fibroblast
growth factor-2 in neural progenitor cells from adult rat
hippocampus. J Neurosci 1999; 19:5245–5254

153. Hartigan JA, Johnson GV: Transient increases in intracellular
calcium result in prolonged site-selective increases in Tau
phosphorylation through a glycogen synthase kinase 3beta-
dependent pathway. J Biol Chem 1999; 274:21395–21401

154. Elyaman W, Yardin C, Hugon J: Involvement of glycogen
synthase kinase-3beta and tau phosphorylation in neuronal
golgi disassembly. J Neurochem 2002; 81:870–880

155. Elyaman W, Terro F, Wong NS, et al: In vivo activation and
nuclear translocation of phosphorylated glycogen synthase
kinase-3beta in neuronal apoptosis: links to tau phosphory-
lation. Eur J Neurosci 2002; 15:651–660

156. Goldbaum O, Richter-Landsberg C: Activation of PP2A-like
phosphatase and modulation of tau phosphorylation accom-
pany stress-induced apoptosis in cultured oligodendrocytes.
Glia 2002; 40:271–282

157. Stambolic V, Ruel L, Woodgett JR: Lithium inhibits glycogen
synthase kinase-3 activity and mimics wingless signalling in
intact cells. Curr Biol 1996; 6:1664–1668

158. Ishii T, Furuoka H, Muroi Y, et al: Inactivation of integrin-
linked kinase induces aberrant tau phosphorylation via sus-
tained activation of glycogen synthase kinase 3beta in N1E-
115 neuroblastoma cells. J Biol Chem 2003; 278:26970–26975

159. Takahashi M, Yasutake K, Tomizawa K: Lithium inhibits
neurite growth and tau protein kinase I/glycogen synthase
kinase-3beta-dependent phosphorylation of juvenile tau in
cultured hippocampal neurons. J Neurochem 1999; 73:2073–
2083

160. Lesort M, Johnson GV: Insulin-like growth factor-1 and in-
sulin mediate transient site-selective increases in tau phos-
phorylation in primary cortical neurons. Neuroscience 2000;
99:305–316

161. Xie H, Litersky JM, Hartigan JA, et al: The interrelationship
between selective tau phosphorylation and microtubule as-
sociation. Brain Res 1998; 798:173–183

162. Zhang YJ, Xu YF, Liu YH, et al: Nitric oxide induces tau
hyperphosphorylation via glycogen synthase kinase-3beta
activation. FEBS Lett 2005; 579:6230–6236

163. Lee CW, Lau KF, Miller CC, et al: Glycogen synthase kinase-3
beta-mediated tau phosphorylation in cultured cell lines.
Neuroreport 2003; 14:257–260

164. Noble W, Planel E, Zehr C, et al: Inhibition of glycogen
synthase kinase-3 by lithium correlates with reduced tauopa-
thy and degeneration in vivo. Proc Natl Acad Sci U S A 2005;
102:6990–6995

165. Yoshida S, Maeda M, Kaku S, et al: Lithium inhibits stress-
induced changes in tau phosphorylation in the mouse hip-
pocampus. J Neural Transm 2006; 113:1803–1814

166. Qu ZS, Tian Q, Zhou XW, et al: [Mechanism of tau hyper-
phosphorylation in brain cortex of diabetic rats and effect of
LiCl.] Zhongguo Yi Xue Ke Xue Yuan Xue Bao 2006; 28:244–
248 (Chinese)

167. Rockenstein E, Torrance M, Adame A, et al: Neuroprotective
effects of regulators of the glycogen synthase kinase-3beta
signaling pathway in a transgenic model of Alzheimer’s dis-
ease are associated with reduced amyloid precursor protein
phosphorylation. J Neurosci 2007; 27:1981–1991

168. Alvarez G, Munoz-Montano JR, Satrustegui J, et al: Lithium

J Neuropsychiatry Clin Neurosci 22:1, Winter 2010 http://neuro.psychiatryonline.org A37

Downloaded From: http://neuro.psychiatryonline.org/ on 05/23/2012



protects cultured neurons against beta-amyloid-induced
neurodegeneration. FEBS Lett 1999; 453:260–264

169. Ghribi O, Herman MM, Savory J: Lithium inhibits abeta-
induced stress in endoplasmic reticulum of rabbit hippocam-
pus but does not prevent oxidative damage and tau phos-
phorylation. J Neurosci Res 2003; 71:853–862

170. Rametti A, Esclaire F, Yardin C, et al: Linking alterations in
tau phosphorylation and cleavage during neuronal apopto-
sis. J Biol Chem 2004; 279:54518–54528

171. Perez M, Hernandez F, Lim F, et al: Chronic lithium treat-
ment decreases mutant tau protein aggregation in a trans-
genic mouse model. J Alzheimers Dis 2003; 5:301–308

172. Gomez-Ramos A, Abad X, Lopez Fanarraga M, et al: Expres-
sion of an altered form of tau in Sf9 insect cells results in the
assembly of polymers resembling Alzheimer’s paired helical
filaments. Brain Res 2004; 1007:57–64

173. Mudher A, Shepherd D, Newman TA, et al: GSK-3beta inhi-
bition reverses axonal transport defects and behavioral phe-
notypes in Drosophila. Mol Psychiatry 2004; 9:522–530

174. Engel T, Goni-Oliver P, Lucas JJ, et al: Chronic lithium ad-
ministration to FTDP-17 tau and GSK-3beta overexpressing
mice prevents tau hyperphosphorylation and neurofibrillary
tangle formation, but pre-formed neurofibrillary tangles do
not revert. J Neurochem 2006; 99:1445–1455

175. Nakashima H, Ishihara T, Suguimoto P, et al: Chronic lith-
ium treatment decreases tau lesions by promoting ubiquiti-
nation in a mouse model of tauopathies. Acta Neuropathol
(Berl) 2005; 110:547–556

176. Rice AM, Sartorelli AC: Inhibition of 20. S and 26 S protea-
some activity by lithium chloride: impact on the differentia-
tion of leukemia cells by all-trans retinoic acid J Biol Chem
2001; 276:42722–42727

177. Holtz KM, Rice AM, Sartorelli AC: Lithium chloride inacti-
vates the 20S proteasome from WEHI-3B D� leukemia cells.
Biochem Biophys Res Commun 2003; 303:1058–1064

178. Shim M, Smart RC: Lithium stabilizes the CCAAT/enhancer-
binding protein alpha (C/EBPalpha) through a glycogen
synthase kinase 3 (GSK3)-independent pathway involving
direct inhibition of proteasomal activity. J Biol Chem 2003;
278:19674–19681

179. Lambert PD, McGirr KM, Ely TD, et al: Chronic lithium
treatment decreases neuronal activity in the nucleus accum-
bens and cingulate cortex of the rat. Neuropsychopharma-
cology 1999; 21:229–237

180. Struewing IT, Barnett CD, Tang T, et al: Lithium increases
PGC-1alpha expression and mitochondrial biogenesis in pri-
mary bovine aortic endothelial cells. FEBS J 2007; 274:2749–
2765

181. Plotnikov EY, Kazachenko AV, Vyssokikh MY, et al: The role
of mitochondria in oxidative and nitrosative stress during
ischemia/reperfusion in the rat kidney. Kidney Int 2007; 72:
1493–1502

182. Tseng WP, Lin-Shiau SY: Long-term lithium treatment pre-
vents neurotoxic effects of beta-bungarotoxin in primary cul-
tured neurons. J Neurosci Res 2002; 69:633–641

183. Shalbuyeva N, Brustovetsky T, Brustovetsky N: Lithium de-
sensitizes brain mitochondria to calcium, antagonizes perme-
ability transition, and diminishes cytochrome C release. J Biol
Chem 2007; 282:18057–18068

184. Chen RW, Chuang DM: Long term lithium treatment sup-

presses p53 and Bax expression but increases Bcl-2 expres-
sion. A prominent role in neuroprotection against excitotox-
icity J Biol Chem 1999; 274:6039–6042

185. Ghribi O, Herman MM, Spaulding NK, et al: Lithium inhibits
aluminum-induced apoptosis in rabbit hippocampus, by pre-
venting cytochrome c translocation, Bcl-2 decrease, Bax ele-
vation, and caspase-3 activation J Neurochem 2002; 82:137–
145

186. Lai JS, Zhao C, Warsh JJ, et al: Cytoprotection by lithium and
valproate varies between cell types and cellular stresses. Eur
J Pharmacol 2006; 539:18–26

187. Centeno F, Mora A, Fuentes JM, et al: Partial lithium-associ-
ated protection against apoptosis induced by C2-ceramide in
cerebellar granule neurons. Neuroreport 1998; 9:4199–4203

188. Bloomfield FJ, Young MM: Influence of lithium and fluoride
on degranulation from human neutrophils in vitro. Inflam-
mation 1982; 6:257–267

189. Sasaki T, Han F, Shioda N, et al: Lithium-induced activation
of Akt and CaM kinase II contributes to its neuroprotective
action in a rat microsphere embolism model. Brain Res 2006;
1108:98–106

190. Misiuta IE, Saporta S, Sanberg PR, et al: Influence of retinoic
acid and lithium on proliferation and dopaminergic potential
of human NT2 cells. J Neurosci Res 2006; 83:668–679

191. Gray NA, Zhou R, Du J, et al: The use of mood stabilizers as
plasticity enhancers in the treatment of neuropsychiatric dis-
orders. J Clin Psychiatry 2003; 64(suppl 5):3–17

192. Wada A, Yokoo H, Yanagita T, et al: Lithium: potential ther-
apeutics against acute brain injuries and chronic neurode-
generative diseases. J Pharmacol Sci 2005; 99:307–321

193. Chen CL, Lin CF, Chiang CW, et al: Lithium inhibits cer-
amide- and etoposide-induced protein phosphatase 2A
methylation, Bcl-2 dephosphorylation, caspase-2 activation,
and apoptosis Mol Pharmacol 2006; 70:510–517

194. D’Mello SR, Anelli R, Calissano P: Lithium induces apoptosis
in immature cerebellar granule cells but promotes survival of
mature neurons. Exp Cell Res 1994; 211:332–338

195. Chuang DM: Neuroprotective and neurotrophic actions of
the mood stabilizer lithium: can it be used to treat neurode-
generative diseases? Crit Rev Neurobiol 2004; 16:83–90

196. Zhong J, Yang X, Yao W, et al: Lithium protects ethanol-
induced neuronal apoptosis. Biochem Biophys Res Commun
2006; 350:905–910

197. Inouye M, Yamamura H, Nakano A: Lithium delays the
radiation-induced apoptotic process in external granule cells
of mouse cerebellum. J Radiat Res (Tokyo) 1995; 36:203–208

198. Mora A, Sabio G, Alonso JC, et al: Different dependence of
lithium and valproate on PI3K/PKB pathway. Bipolar Dis-
ord 2002; 4:195–200

199. Nonaka S, Katsube N, Chuang DM: Lithium protects rat
cerebellar granule cells against apoptosis induced by anti-
convulsants, phenytoin and carbamazepine. J Pharmacol Exp
Ther 1998; 286:539–547

200. Jorda EG, Verdaguer E, Morano A, et al: Lithium prevents
colchicine-induced apoptosis in rat cerebellar granule neu-
rons. Bipolar Disord 2004; 6:144–149

201. Jorda EG, Verdaguer E, Canudas AM, et al: Implication of
cyclin-dependent kinase 5 in the neuroprotective properties
of lithium. Neuroscience 2005; 134:1001–1011

202. Grignon S, Levy N, Couraud F, et al: Tyrosine kinase inhib-

A38 http://neuro.psychiatryonline.org J Neuropsychiatry Clin Neurosci 22:1, Winter 2010

Downloaded From: http://neuro.psychiatryonline.org/ on 05/23/2012



itors and cycloheximide inhibit Li� protection of cerebellar
granule neurons switched to non-depolarizing medium. Eur
J Pharmacol 1996; 315:111–114

203. Mora A, Gonzalez-Polo RA, Fuentes JM, et al: Different
mechanisms of protection against apoptosis by valproate and
Li�. Eur J Biochem 1999; 266:886–891

204. Mora A, Sabio G, Gonzalez-Polo RA, et al: Lithium inhibits
caspase 3 activation and dephosphorylation of PKB and
GSK3 induced by K� deprivation in cerebellar granule cells.
J Neurochem 2001; 78:199–206

205. Li R, El-Mallahk RS: A novel evidence of different mecha-
nisms of lithium and valproate neuroprotective action on
human SY5Y neuroblastoma cells: caspase-3 dependency.
Neurosci Lett 2000; 294:147–150

206. Li X, Bijur GN, Jope RS: Glycogen synthase kinase-3beta,
mood stabilizers, and neuroprotection. Bipolar Disord 2002;
4:137–144

207. Hennion JP, el-Masri MA, Huff MO, et al: Evaluation of
neuroprotection by lithium and valproic acid against
ouabain-induced cell damage. Bipolar Disord 2002; 4:201–208

208. Bijur GN, De Sarno P, Jope RS: Glycogen synthase kinase-
3beta facilitates staurosporine- and heat shock-induced apo-
ptosis. Protection by lithium J Biol Chem 2000; 275:7583–7590

209. Lu R, Song L, Jope RS: Lithium attenuates p53 levels in
human neuroblastoma SH-SY5Y cells. Neuroreport 1999; 10:
1123–1125

210. Alvarez G, Munoz-Montano JR, Satrustegui J, et al: Regula-
tion of tau phosphorylation and protection against beta-amy-
loid-induced neurodegeneration by lithium. Possible impli-
cations for Alzheimer’s disease Bipolar Disord 2002; 4:153–
165

211. Ghribi O, Prammonjago P, Herman MM, et al: Abeta(1–42)-
induced JNK and ERK activation in rabbit hippocampus is
differentially regulated by lithium but is not involved in the
phosphorylation of tau. Brain Res Mol Brain Res 2003; 119:
201–206

212. Wei H, Leeds PR, Qian Y, et al: Beta-amyloid peptide-in-
duced death of PC 12 cells and cerebellar granule cell neu-
rons is inhibited by long-term lithium treatment. Eur J Phar-
macol 2000; 392:117–123

213. Nonaka S, Hough CJ, Chuang DM: Chronic lithium treat-
ment robustly protects neurons in the central nervous system
against excitotoxicity by inhibiting N-methyl-D-aspartate re-
ceptor-mediated calcium influx. Proc Natl Acad Sci U S A
1998; 95:2642–2647

214. Yazlovitskaya EM, Edwards E, Thotala D, et al: Lithium
treatment prevents neurocognitive deficit resulting from cra-
nial irradiation. Cancer Res 2006; 66:11179–11186

215. Xu J, Culman J, Blume A, et al: Chronic treatment with a low
dose of lithium protects the brain against ischemic injury by
reducing apoptotic death. Stroke 2003; 34:1287–1292

216. Shin JH, Cho SI, Lim HR, et al: Concurrent administration of
Neu2000 and lithium produces marked improvement of mo-
tor neuron survival, motor function, and mortality in a
mouse model of amyotrophic lateral sclerosis. Mol Pharma-
col 2007; 71:965–975

217. Chen G, Bower KA, Ma C, et al: Glycogen synthase kinase
3beta (GSK3beta) mediates 6-hydroxydopamine-induced
neuronal death. FASEB J 2004; 18:1162–1164

218. Watcharasit P, Thiantanawat A, Satayavivad J: GSK3 pro-

motes arsenite-induced apoptosis via facilitation of mito-
chondria disruption. J Appl Toxicol 2008; 28:466–474

219. Youdim MB, Arraf Z: Prevention of mptp (N-methyl-4-phe-
nyl-1,2,3,6-tetrahydropyridine) dopaminergic neurotoxicity
in mice by chronic lithium: involvements of Bcl-2 and Bax.
Neuropharmacology 2004; 46:1130–1140

220. King TD, Jope RS: Inhibition of glycogen synthase kinase-3
protects cells from intrinsic but not extrinsic oxidative stress.
Neuroreport 2005; 16:597–601

221. Lai JS, Zhao C, Warsh JJ, et al: Cytoprotection by lithium and
valproate varies between cell types and cellular stresses. Eur
J Pharmacol 2006; 539:18–26

222. Maggirwar SB, Tong N, Ramirez S, et al: HIV-1. Tat-medi-
ated activation of glycogen synthase kinase-3beta contributes
to Tat-mediated neurotoxicity. J Neurochem 1999; 73:578–
586

223. Senatorov VV, Ren M, Kanai H, et al: Short-term lithium
treatment promotes neuronal survival and proliferation in
rat striatum infused with quinolinic acid, an excitotoxic
model of Huntington’s disease. Mol Psychiatry 2004; 9:371–
385

224. Karlovic D, Jakopec S, Dubravcic K, et al: Lithium increases
expression of p21(WAF/Cip1) and survivin in human glio-
blastoma cells. Cell Biol Toxicol 2007; 23:83–90

225. Beurel E, Kornprobst M, Blivet-Van Eggelpoel MJ, et al: GSK-
3beta inhibition by lithium confers resistance to chemother-
apy-induced apoptosis through the repression of CD95 (Fas/
APO-1) expression. Exp Cell Res 2004; 300:354–364

226. Song L, Zhou T, Jope RS: Lithium facilitates apoptotic sig-
naling induced by activation of the Fas death domain-con-
taining receptor. BMC Neurosci 2004; 5:20

227. Schwabe RF, Brenner DA: Role of glycogen synthase kinase-3
in TNF-alpha-induced NF-kappab activation and apoptosis
in hepatocytes. Am J Physiol Gastrointest Liver Physiol 2002;
283:G204–G211

228. Schotte P, Van Loo G, Carpentier I, et al: Lithium sensitizes
tumor cells in an NF-kappa B-independent way to caspase
activation and apoptosis induced by tumor necrosis factor
(TNF). Evidence for a role of the TNF receptor-associated
death domain protein J Biol Chem 2001; 276:25939–25945

229. Tang HR, He Q: [Effects of lithium chloride on the prolifer-
ation and apoptosis of K562 leukemia cells.] Hunan Yi Ke Da
Xue Xue Bao 2003; 28:357–360 (Chinese)

230. Tang HR, He Q, Wang FC: [Mechanism of lithium chloride-
induced proliferation inhibition and apoptosis of K562 leu-
kemic cells.] Zhongguo Shi Yan Xue Ye Xue Za Zhi 2005;
13:979–982 (Chinese)

231. Madiehe AM, Mampuru LJ, Tyobeka EM: Induction of apo-
ptosis in HL-60 cells by lithium. Biochem Biophys Res Com-
mun 1995; 209:768–774

232. Shai LJ, Abotsi EK, Tyobekai EM, et al: Partial involvement of
c-jun protooncogene in growth enhancing and cytotoxic ef-
fects of lithium in vitro. Cell Mol Biol (Noisy-le-grand) 2003;
49:1137–1143

233. Liao X, Zhang L, Thrasher JB, et al: Glycogen synthase ki-
nase-3beta suppression eliminates tumor necrosis factor-re-
lated apoptosis-inducing ligand resistance in prostate cancer.
Mol Cancer Ther 2003; 2:1215–1222

234. van Gijn ME, Snel F, Cleutjens JP, et al: Overexpression of
components of the frizzled-dishevelled cascade results in ap-

J Neuropsychiatry Clin Neurosci 22:1, Winter 2010 http://neuro.psychiatryonline.org A39

Downloaded From: http://neuro.psychiatryonline.org/ on 05/23/2012



optotic cell death, mediated by beta-catenin. Exp Cell Res
2001; 265:46–53

235. Monti B, Polazzi E, Batti L, et al: Alpha-synuclein protects
cerebellar granule neurons against 6-hydroxydopamine-in-
duced death. J Neurochem 2007; 103:518–530

236. Leng Y, Chuang DM: Endogenous alpha-synuclein is in-
duced by valproic acid through histone deacetylase inhibi-
tion and participates in neuroprotection against glutamate-
induced excitotoxicity. J Neurosci 2006; 26:7502–7512

237. Chen J, St-Germain JR, Li Q: B56 regulatory subunit of pro-
tein phosphatase 2A mediates valproic acid-induced p300
degradation. Mol Cell Biol 2005; 25:525–532
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