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 aSyn accumulation, AB 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. AB-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 AB-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 AB 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 aSyn 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 ¢, 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 ¢ and promoted apoptosis in malignancies, although preliminary data suggest this
agent may reduce AB 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 AB-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 AB 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.

aSyn. In the context of limited data, pramipexole and melatonin offer potential to reduce aSyn pathology. Pramipexole displayed anti-
aggregation properties in a single study using SH-SY5Y dopaminergic neuroblastoma cells. Valproate seems to increase aSyn
concentrations, but it is unknown whether this is beneficial or deleterious, particularly in PD. Melatonin has inhibited aSyn aggregation,
conferring a potential advantage in PD.

AB. Lithium, valproate, paroxetine, and melatonin are the most promising neuroprotective agents with respect to AB pathology. Older
dopamine agonists have inhibited Ap 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-3f inhibitor, inhibits A production and secretion in most but not all models. Valproate has inhibited AB
production in the only two models that it has been tested in. Paroxetine was found to reduce AB in an AD transgenic mouse model.
Melatonin has inhibited AB 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 AB, 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, AB 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 AB-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*, H20,, 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", AB, and H20, 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 AR and MPP*. Olanzapine inhibits apoptosis in neural cells produced by various neurotoxins, including AB
and MPP™". Quetiapine protected PC 12 cells against AB - induced apoptotic marker increases. Clozapine has protected against MPP™" -
induced apoptosis although nitrenium ion formation is associated with agranulocytosis. Lithium reduces apoptosis induced by AB, GSK-
3B, 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 AB -, GSK-38 -, 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 AB and MPP™, but findings conflict in neoplasia.
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TABLE 4. Effects of Psychotropics on Ubiquitin

Drug

Effect

Dopamine Agonists
Levo-dopa

Pramipexole

Antipsychotics
Haloperidol

Mood Stabilizers
Lithium
Valproate

Antidepressants
Citalopram

Hypnotics
Melatonin

Antimuscarinic Agents
Biperiden

Pulsatile levodopa administration led to ubiquitin-positive striatal ultrastructural changes
associated with dyskinesia in dopamine depleted, norepinephrine deficient rats®*

Reduced ubiquitin immunoreactivity upregulation induced by lipopolysaccharide in rat
substantia nigra®”

Increased striatal and nucleus accumbens parkin E3 ligase mRNA®*® and nigral Pael-R
mRNA,** 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 itself>*

Promoted ubiquitination of tau in an Alzheimer’s transgenic tauopathic mouse model'”®

Induced Ubc8 gene expression, the E2 ubiquitin ligase**®

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

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 doses™*

Decreased the expression of ubiquitin-conjugating enzyme E2M in keratinocytes exposed
to ultraviolet B radiation®"

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

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

Replicated Within a Replicated in an Demonstrated in
Finding Single Model Additional Model Neural Tissue

Pramipexole

Inhibits reactive oxygen species

Inhibits PTP development

Inhibits apoptosis
Amantadine

Inhibits apoptosis
Haloperidol

Reduces Complex T X

Increases oxidative stress

Reduces cell viability

Induces apoptosis X
Fluphenazine

Inhibits Complex I

Increases brain Complex IV

Reduces visceral Complex IV
Trifluoperazine

Reduces ATP synthesis X

Reduces oxidative stress

Inhibits PTP development

Improved cell viability

Inhibits neural apoptosis

Promotes undifferentiated cell apoptosis
Chlorpromazine

Inhibits Complex I

Inhibits PTP development

Reduces leukemia cell viability

Inhibits acetaminophen apoptosis in hepatocytes

Promotes apoptosis in neoplasia
Thioridazine

Inhibits PTP development

Promotes apoptosis in neoplasia
Risperidone

Reduces Complex I activity

Inhibits apoptosis
Olanzapine

Improves cell viability

Inhibits apoptosis
Quetiapine

Inhibits apoptotic processes
Clozapine

Promotes neutrophil apoptosis
Lithium

Reduces GSK-38 transcription

Inhibits AB production

Reduces t hyperphosphorylation

Reduces Ap-induced t hyperphosphorylation

Reduces proteasomal function

Inhibits PTP development

Promotes cell viability

Inhibits apoptosis

Inhibits AB-induced apoptosis

Inhibits glutamate-induced apoptosis

Inhibits hippocampal apoptosis

Inhibits apoptotic processes

Promotes apoptosis in neoplasia
Valproic acid

Increases aSyn expression

Inhibits AB production

Increases proteasomal function

Exacerbates mitochondrial disease clinical symptoms

Induces mitochondrial swelling

Decreases oxidative phosphorylation

Induces PTP formation

Reduced cytochrome c release

Inhibits apoptotic processes

Inhibits neural apoptosis

Promotes apoptosis in immature cell lines
Carbamazepine

Inhibited hippocampal toxopathy

Increased caspase-3

XXX
X X X

XX XX XX

XXX XXX

XXX XXX XX
XX XX XX XXX HXHK XXX XXX XXX XXXX X XXX

b
HKHXKXX XXX XX XX XXX XX X

HKXX XXX XX X XXX XXXXXXXXX X
XX XXX X XXX XHXK XXX XXXXXX XXX

KX XXX X XXX XX

<
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TABLE 5. Continued

Replicated Within a Replicated in an Demonstrated in
Finding Single Model Additional Model Neural Tissue

Oxcarbazepine
Increased oxidative stress
Amitriptyline
Reduced cell viability
Imipramine
Reduced viability in neoplasia
Promotes apoptosis in myeloid tissues X
Nortriptyline
Inhibits PTP development
Desipramine
Inhibits oxidative stress
Inhibits apoptosis X
Promotes apoptosis in neoplasia
Clomipramine
Promoted PTP development in neural neoplasia
Promotes apoptosis in myeloid tissues X
Fluoxetine
Promotes PTP development in neoplasia
Reduces cell viability
Reduces apoptosis
Promotes apoptosis in immature cells and neoplasia
Paroxetine
Promotes apoptosis in neoplasia
Citalopram
Promotes mitochondrial depolarization in myeloid neoplasia
Promotes apoptosis in myeloid tissue and myeloid neoplasia X
Diazepam
Inhibits mitochondrial respiration
Promotes mitochondrial depolarization
Promotes apoptosis in nascent neural tissues
Clonazepam
Inhibits mitochondrial hypercalcemia
Inhibits mitochondrial Na/Ca exchange X
Inhibits PTP development
Inhibits mitochondrial Ca efflux X
Prevents necrosis
Promotes apoptosis in immature brain X
Diphenhydramine
Promotes apoptosis in neoplasia
Melatonin
Reduces aSyn aggregation
Inhibits A fiber formation X
Inhibits tau hyperphosphorylation
Reduces proteasomal function
Stimulates Complex I activity
Protects against Complex I loss
Stimulates Complex IV
Restores ATP production
Reduces superoxide formation
Reduces oxidative stress
Inhibits lipid peroxidation
Inhibits PTP development
Inhibits cytochrome c release X
Improves cell viability
Reduces apoptosis
Reduces MPTP apoptosis
Increases oxidative stress in myeloid malignancies
Inhibits cytochrome c release in malignancies
Increases apoptosis in immature and malignant tissues

<
>

XXX XX XX XXX X XX X
XXX X XX XX x

X X

XXX XX XX

HHEHEEHEHXHKHEAHKAKHKXAHKAKKXK KX X XXX XXX XXX
HKHXKXK XK XXX XK XXX XXX

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.

ApB=beta-amyloid; aSyn=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 uM
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.

ApB=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.
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