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Introduction

Abstract

Objectives Alzheimer’s disease (AD) is one of the most prevalent neurodegener-
ative disorders and a well-recognized cause of dementia with ageing. In this
review, we have represented the ChE and MAO inhibitory potential of TV 3326
against AD based on current scientific evidence.

Key findings The aetiology of AD is quite complex and not completely under-
stood. However, it has been observed that AD involves the deposition of abnormal
amyloid beta (ApB), along with hyperphosphorylation of tau, oxidative stress, low
acetylcholine (ACh) level and biometal dyshomeostasis. Due to the complex nature
of AD aetiology, active research is required in the areas of development of multi-
target drugs with 2 or more complementary biological functions, as they might
represent significant progress in the AD treatment. Interestingly, it has been found
that TV 3326 (i.e. ladostigil) is regarded as a novel therapeutic agent since it has
the potential to cause inhibition of monoamine oxidase (MAO) A and B, and
acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) in the brain. Fur-
thermore, it has the capacity to reverse memory impairments, which further sug-
gests the ability of this drug to elevate cholinergic activity in the brain.

Summary TV 3326 can avert oxidative—nitrative stress and gliosis. It has also been
confirmed that TV 3326 contains neuroprotective and anti-apoptotic properties.
Therefore, this distinctive combined inhibition of ChE and MAO along with its
neuroprotective property makes TV 3326 a useful drug in the treatment of AD.

acetylcholine (ACh) have a significant contribution to
AD pathogenesis. !

Alzheimer’s disease (AD) is a degenerative brain disease
that is hard to treat, and the common characteristics
include loss of memory and other cognitive deficits.!'~!
Because of the complex nature of AD, multiple
hypotheses regarding the AD pathogenesis have been
proposed in the past decades, including tau protein

hypothesis,'*®  oxidative stress (OS) hypothesis,!” !
amyloid cascade hypothesis,!''™"*! cholinergic hypothe-
sis"!* and so on. It has been found that OS and

Restoration of acetylcholine (ACh) level is one of the
probable ways of treating AD.!"”! Thus, in this regard,
reversible acetylcholinesterase (AChE) inhibitors can be
used. So far, the United States Food and Drug Administra-
tion has approved multiple AChE inhibitors including
galanthamine, rivastigmine, and donepezil as well as N-
methyl-D-aspartate receptor antagonist memantine for
clinical use and these drugs were found to be effective at
improving memory in some AD individuals.""®2° It has
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TV 3326 for alzheimer's dementia

been revealed by the study of crystal structures of AChE
with inhibitors that there are 2 sites of binding, a catalytic
active site (CAS) and a peripheral anionic site (PAS).[21-23]
At the rim of the gorge, the PAS region of AChE is located
and found to be associated with the interaction with AP
peptide, which might further trigger neurotoxic Af fibril
deposition.'**?*! It has been revealed by current studies
that if both the peripheral and catalytic sites are blocked,
AChE inhibitors not only can cause alleviation of the cogni-
tive impairment of AD individuals via increasing the levels
of ACh but also can play a role as a disease-modifying agent
which can delay the formation of AB plaque.***”! For
instance, donepezil (i.e. a mixed-type inhibitor) exerts a
minor effect on reducing the AChE-induced AP aggrega-
tion (approximately 22%). The possible reason for this
aforesaid result is the higher affinity of donepezil towards
the active site than the PAS.!*®!

In the central nervous system (CNS) and in peripheral
tissues, monoamine oxidase (MAO)-A and MAO-B are
supposed to have a significant contribution in terms of bio-
genic amine metabolism.**! In addition to this, MAOs may
also catalyse the oxidative deamination of vasoactive and
neuroactive amines.””?!! It has been observed in several
studies that MAOs are involved with neurological and psy-
chiatric disorders, including AD.?>3 1t is known that OS
is involved in neurodegenerative disorders. Since MAO-B
inhibitors (MAO-BIs) have the capacity to regulate neuro-
transmitters and to inhibit oxidative damage, therefore
MAO-BIs might be considered as potential drugs to act
against AD.1*"]

To treat neurodegenerative diseases including AD, TV
3326 (ladostigil) is a novel neuroprotective agent which is
being studied.® This agent plays a role as a reversible
inhibitor of both butyrylcholinesterase (BuChE) and AChE
and also acts as an irreversible inhibitor of MAO-B. In
addition to this, the mode of action of TV 3326 is similar
to the combined mechanisms of older agents including
rasagiline and rivastigmine.”***”) It has also been observed
that the expression of neurotrophic factors including glial
cell line-derived neurotrophic factor (GDNF) and brain-
derived neurotrophic factor (BDNF) can be increased by
TV 3326. In addition to this, TV 3326 might also possess
the ability to reverse the neurogenesis-induced damage
which is observed in neurodegenerative disorders.!*®!

The complex nature of AD in terms of its clinical, genetic
and biological features has made the development of effec-
tive anti-AD agents more challenging.”**~*!! The recent ther-
apeutic technique involves designing drug candidates which
will be able to act on multiple targets and will have a range of
pharmacological activities. Certainly, this aforesaid phe-
nomenon has encouraged the development of bifunctional
drugs like TV 3326. Therefore, this review highlights the
ChE and MAO inhibitory potential of TV 3326 against AD.

Md. Sahab Uddin et al.

Pharmacological Rationale of TV 3326

TV 3326 was developed to improve depression, elevate
cholinergic transmission and avert the formation of reac-
tive oxygen species (ROS) or their effects. TV 3326 is an
aminoindan containing the propargylamine group found
in the rasagiline and the carbamate moiety of rivastigmine
as shown in Figure 1. Both BuChE and AChE can be inhib-
ited by TV 3326, and it has a prolonged duration of action
as compared to rivastigmine.

Furthermore, at doses that block MAO-A and MAO-B
in the brain by more than eighty per cent, TV 3326
exerts minor or no action on the enzyme presents in the
digestive tract as compared to other irreversible inhibitors
of MAO-A. Thus, the cardiovascular action of orally
administered tyramine is minimally potentiated by TV
3326. This selective inhibition might take place due to
the formation of decarbamylated metabolites in the brain,
which acts as a more effective MAO inhibitor as com-
pared to TV 3326.14?)

ChE Inhibitory Promise of TV 3326

Oral TV 3326 administration at the doses ranging from 12
to 35 mg/kg was found to cause inhibition in the brain
ChE level by 25-40% and also antagonism of the scopo-
lamine-triggered spatial memory impairments in rats.!*>**!
In addition to this, in rats, TV 3326 at the doses of 12—
26 mg/kg also exerted a dose-dependent antagonism of
scopolamine-triggered impairments in working and refer-
ence memory and memory consolidation.'** This aforesaid
phenomenon signified that, in the synapse, the drug had
the ability to adequately enhance the ACh levels to compete
with the scopolamine for the muscarinic receptors linked
to memory formation.*>*! Symptoms that arise due to
the excessive cholinergic stimulation in the periphery (e.g.
muscle weakness, diarrhoea and salivation) or the brain
(e.g. tremor, hypothermia or respiratory depression) were
not seen, until doses over 139 mg/kg TV 3326 were admin-
istered, which suppressed the level of ChE by 50-60% **!.
This wide range of therapeutic activity might take place
because of the relatively lower rate of increase in the inhibi-
tion of ChE with rising drug doses, found to take place with
the dose of TV 3326 over the range of 17-69 mg/kg.'*>*!]
On the other hand, TV 3326 caused in vitro inhibition of
both BuChE and AChE. In addition, as compared to
BuChE, the inhibitory action was 100-fold more effective
against AChE,!*%*4

In rats, at the dose of 52 mg/kg, chronic oral administra-
tion of TV 3326 for 3 weeks caused inhibition of striatal
ChE activity by ~50%, along with inhibition of the hyperac-
tivity behavioural syndrome response triggered by L-3,4-di-
hydropxyphenylalanine (L-Dopa).l**! Like TV 3326, when
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Figure 1 Chemical structures of TV 3326 and its parent compounds [Colour figure can be viewed at wileyonlinelibrary.com]

TV 3279 (i.e. the S-enantiomer of TV 3326) was orally
administered chronically at the dose of 26 mg/kg for
3 weeks, it caused inhibition in the striatal ACh effect and
attenuation of the hyperactivity syndrome response.'*’!
Indeed, the inhibitory actions of both TV3279 and TV 3326
on these hyperactivity syndromes were perhaps arbitrated
by the increased functional levels of ACh and sustained the
well-recognized inhibitory action of ACh on dopaminergic-
induced stereotypy."*®*”! It was revealed by former in vivo
study!**! that 50% of ChE inhibition was caused by ChE
inhibitors (e.g. donepezil, metrifonate and rivastigmine),
along with the following rise in the release of central ACh.
Therefore, in rats, brain levels of ACh were found to be
enhanced due to the use of TV 3326.14"

From the previous results, it is known that cholinergic
transmission, through muscarinic receptors, confirmed the
correct processing mechanisms of cortical inputs forward
from the cortex to projection cells; however, the contribu-
tion of ACh in the activity of striatal projection neurons is
still not clear.!****! Therefore, the capacity of scopolamine
to reverse the inhibitory actions of TV 3326 and TV3279
plus the non-selective inhibitor, tranylcypromine on L-
dopa-triggered hyperactivity!**! is consistent with the hier-
archical structure of the motor control system in the basal
ganglia.!*"!

MAO Inhibitory Promise of TV 3326

It has been revealed by several studies that rather than the
acute treatment, only chronic treatment with TV 3326 can

cause suppression of the activity of MAO-A and MAO-B in
the brain.[*>*"*?! This aforesaid phenomenon might take
place due to the formation of active MAO inhibitory
metabolites because of the hydrolysis of the carbamate moi-
ety in TV 3326 via ChE, which has found to yield the 6-hy-
droxyrasagiline derivative.[>’! Interestingly, 6-
hydroxyrasagiline showed an increased affinity towards the
effects of MAO-A and MAO-B.°"*?! probably, sufficient
concentration of 6-hydroxyrasagiline and other TV 3326
metabolites can cause considerable inhibition of MAO-A
and MAO-B and elevation of the levels of striatal dopa-
mine, noradrenaline and serotonin, which is responsible for
the respective antidepressant and antiparkinsonian effects
of TV 3326, confirmed in preclinical models.!**

Therefore, in rats, administration of TV 3326 once daily
at the dose of 26 mg/kg for 2 weeks caused inhibition of
MAO-A and MAO-B by ~ 70%, with very slight or no
action of these enzymes in the intestine.l*>**! Nevertheless,
TV 3279 was found to have only akin ChE inhibitory effect;
however, it lacked MAO inhibitory effect.*?! Furthermore,
it has been confirmed in rats that TV 3326 can act like
other antidepressants (e.g. moclobemide, amitriptyline and
selective reversible inhibitors of MAO-A) in the forced
swim test, which further suggests a potential for antidepres-
sant-like effect.”>*?! In addition to this, this antidepres-
sant-like effect of TV 3326 was observed along with the
elevated levels of brain serotonin.>” On the other hand,
oral treatment with TV 3326 in rabbits at the dose of
26 mg/kg for 2 weeks caused inhibition of brain MAO by
more than 90%; however, no inhibitory effect was observed
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in case of intestinal MAO-A, which included ~80% of total
intestinal MAO.®®! In addition to this, this brain selectivity
causes nominal potentiation of the pressor response to oral
tyramine.'*>**) Interestingly, in mice, chronic administra-
tion of TV 3326 at the dose of 52 mg/kg caused inhibition
of both MAO-A and MAO-B in the hippocampus, stria-
tum, brainstem and cerebral cortex; in addition, inhibition
values of MAO-A and MAO-B reached 65% and 90%,
respectively.!**** This aforesaid finding recommends that
TV 3326 contains a higher selectivity for MAO-B than
MAO-A in the mouse brain, and a similar trend was also
observed in the case of rat and rabbit brain
enzymes.[43’55’56] Inhibition of MAO via TV 3326, as like
other propargylamines (e.g. rasagiline, selegiline and clor-
gyline), was also found to be irretrievable and slower to
recuperate. (541

Neuroprotective Promise of TV 3326
against Alzheimer’s Disease

Results of preclinical studies indicated that TV 3326 pos-
sesses a wide neuroprotective effect (Table 1) against a
range of neurotoxins in neuronal cell cultures and in vivo
models of neurodegeneration. Furthermore, it has been
confirmed by the in vivo studies that at the dose of
26 mg/kg, chronic administration of TV 3326 once daily
for 14 days caused prevention of the striatal dopamine
reduction and decrease in the catabolites homovanillic
acid and also 3,4-dihydroxyphenylacetic acid by N-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine.®*  On  the
other hand, it has been confirmed that TV 3326 can
ameliorate the cognitive impairments in aged mon-
keys.®”! Similarly, in rats, it can avert memory deficit
triggered by intracerebroventricular injection of strepto-
zotocin.®®* In rats, it has also been observed that TV
3326 can antagonize spatial memory impairment trig-
gered by scopolamine.**! Moreover, at the dose of 17
milligrams per kilogram, TV 3326 was also found to
cause restoration of sodium azide (a cytochrome oxidase
inhibitor)-triggered spatial memory impairments in
rats!®! (Table 1). In addition to this, TV 3326 also con-
siderably decreased the hippocampal cell damage pro-
duced by global ischaemia in gerbil and cerebral oedema
triggered by a closed head injury in mice and also trig-
gered the recovery of their memory abilities and motor
skills. !4

In rats, it has been confirmed by a genomic study that at
the dose of 1 mg/kg, TV 3326 can considerably downregu-
late the hippocampi levels of the familial AD-related prese-
nilin-1 (PSENI) gene.!®") Interestingly, this action is useful
in terms of reduction of AP formation, as PSENI is the
main component of the y-secretase complex, which has
found to aid the AP production through intramembranous

Md. Sahab Uddin et al.

proteolysis of amyloid precursor protein (APP).[*>*! In

addition to this, TV 3326 at the dose of 1 mg/kg can also
downregulate (~50% of control) the mRNA expression of
casein kinase 1 delta mRNA, linked with pathological hall-
marks in a number of neurodegenerative disorders in rat
hippocampus.®"!

It has been confirmed by the in vitro studies that at the
doses of 1-10 uM, TV 3326 exhibits neuroprotective prop-
erties, for instance, inhibition of OS-induced ROS produc-
tion, weakening of apoptotic cascades and prevention of
the reduction of the mitochondrial membrane potential
(1//).“35@6%66] Moreover, TV 3326 (1-10 uM) can also
exert substantial neuroprotective action, for instance, Bcl-2
induction and a decrease of BAD and BAX gene and pro-
tein expression and reduction of caspase-3 activation.'®”!
On the other hand, it has been confirmed by the previous
results that propargyl moiety of rasagiline also promoted
neuronal survival, arbitrated by mitogen-activated protein
kinase (MAPK)/extracellular ~ signal-regulated  kinase
(ERK)- and protein kinase C (PKC)-dependent activation,
connected with Bcl-2 family members!®®! and mitochon-
drial membrane stabilization'***”! and therefore might pos-
sess significant contribution in the neuroprotective effect of
TV 3326. In addition to this, TV 3326 also has various
stimulatory actions on MAPK and PKC cascades,[@] stimu-
lating the phosphorylation of p42 and p44 MAPK, which
was found to be obliterated by certain inhibitors of MAPK
activation.!®”’ Then again, activation of ERK in the CNS
has also been implied in mammalian learning and synaptic
plasticity.”®) Therefore, the neuroprotective properties of
TV 3326 may also take place due to the activation of ERK
(Figure 2), which has also been observed in the case of
compounds which contain propargylamine.[m

As studies confirmed that neurotrophic factors have
significant contribution in the function and development
of neurons and might play roles as regulatory factors for
memory, learning and synaptic transmission'’>”*); there-
fore, the neuroprotective property of TV 3326 may also
be linked with its induction on mRNA expression levels
of the neurotrophic factors, including GDNF and also
BDNF (Figure 2), in neuronal cell cultures.®® In addi-
tion to this, following ligand-receptor binding, GDNF
and BDNF can cause induction of intracellular signalling
mechanisms involved in survival and differentiation,
including phosphatidylinositol 3-kinase, mitogen-acti-
vated protein kinase and phospholipase C-v.">7%7%! In
the old rat hippocampus, TV 3326 caused upregulation
of the brain-specific isoform of the synaptotagmin (Syn)
family, Syn IV.I°") Henceforth, TV 3326-mediated incre-
ment of neurotrophic factors, which perhaps trigger
respective cell signalling cascades, may recommend an
association of neurotrophic factors in the neuroprotective
mode of action of TV 3326.
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Table 1 Studies reported neuroprotective promise of TV 3326 in experimental models of neurodegeneration

Species/Studied
Materials Mechanisms Effects References
Young (8 months) and  Decreased ROS production as well as increase cell Suppression of oxidative stress and mitochondrial ~ ©"
old (27 months) rats survival and synaptogenesis. dysfunction
Aged rats Prevention of the astrocytes and microglia activation, Antioxidant and anti-inflammatory effects sl
as well as improved spatial memory
Rats Reduction of stereotyped motor behaviour and also Potentiation of aminergic and cholinergic (116l
preserve typical motor functions transmission systems
Rats Protection against spatial memory impairments Neuroprotective effects 143]
Rats Prevention of the choline acetyltransferase reduction, Increase cytochrome oxidase activity (60]
as well as the compensatory improvement in synaptic
plasticity and the memory deficits
Rats Reduction of the neuronal damage, microgliosis and ChE inhibition and anti-apoptotic activity 58]
pheochromocytoma memory impairments
(PC12) cells
Rat PC12 and human Activation of MAPK, PKC and tyrosine kinase- Anti-amyloidogenic effects (691
SH-SY5Y dependent pathways
neuroblastoma cells
C57/BL mice Regulation of APP processing and PKC-dependent Neuroprotective effects 1831
mechanisms
SK-N-SH cells Increased expression levels of brain-derived Suppression of apoptosis and induce (8]
neurotrophic factor and glial cell line-derived neurorescue
neurotrophic factor
Dopaminergic SH-SY5Y  Stabilization of the mitochondrial membrane potential  Anti-apoptotic-neuroprotective effects 1641
cells
Human neuroblastoma  Reduction of cell death via inhibition of the cleavage Neuroprotective effects, anti-amyloidogenic (67]
SK-N-SH cells and prevention of caspase-3 activation effects
Reduction of apoptotic-induced levels of holo-APP
protein.
Stimulation of the release of the non-amyloidogenic o-
secretase activity.
Human neuroblastoma  Protection of cells from apoptosis. Neuroprotective effects 178l
SH-SY5Y cells
[56,66]

Human SH-SY5Y
neuroblastoma cells

Od rhesus monkeys

Adult patients (55 to
85 years) with mild
cognitive impairment

Decreased ROS production and increase activity of
catalase and glutathione reductase.

Upregulated mRNA levels of catalase, peroxiredoxin 1
and quinone oxidoreductase 1

Improvement of cognitive functions

Suppression of oxidative stress-induced cell
apoptosis

Neuroprotective effects

No significant effects on the neuropsychological

test battery (NTB) composite, disability
assessment in dementia (DAD) and geriatric
depression scale (GDS) scores

[57]
[117]

As like TV 3326, it has been observed that TV 3279 also
has neuroprotective property, which has been seen in mul-
tiple cell culture and animal models of neurodegeneration,
including providing protection against ischaemia-triggered
cytotoxicity in PC12 cells,*¥ reduction of oedema, mem-
ory and motor function impairments following closed head
injury in mice,'*>”®! and antagonizing the scopolamine-in-
duced spatial memory deficit in rats.!**) These aforesaid
observations further suggesting that the neuroprotective
property of TV 3326 is not dependent on the inhibition of
MAO. There are also chances that multiple processes are

involved in the neuroprotective activities of TV 3326 might
also be linked with various intrinsic pharmacological effects
of its propargyl moiety, which is found to be similar in case
of drugs containing propargylamine.!””~"?!

Controlling APP processing

It is known that AP accumulation has a significant contri-
bution in AD; therefore, numerous studies have concen-
trated on probable therapeutic intervention along the
amyloid pathways involved in AD.*"*52] In case of
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Figure 2 Schematic outline of the neuroprotective and anti-Alzheimer’s potentials of TV 3326 [Colour figure can be viewed at wileyonlineli-

brary.com]

various cellular model systems, current results confirmed
that TV 3326 can cause significant elevation of soluble
APPo (sAPPa) and suppression of holo-APP protein levels,
and this finding is found to be useful for accelerating the
non-amyloidogenic APP processing pathway, thus decreas-
ing the chance of the neurotoxic AP generation.'*”**! In
addition, it was also observed that in the mice hippocam-
pus, cell-related holo-APP levels were found to be reduced
due to the TV 3326 treatment, which further suggesting
that expression of APP could also be controlled by TV 3326
in vivo.'31 On the other hand, levels of APP mRNA were
not altered by TV 3326, which might recommend that the
reduction in the levels of A and APP can lead to inhibition
of APP translation, in analogy to another ChEI, phenser-
ine.!®* Selective BuChE inhibitors have the capacity to
decrease the levels of AP and APP in vivo and in vitro.!®”!
Henceforth, the process underlying these actions might
involve both non-cholinergic and cholinergic effects regu-
lating APP processing and synthesis.

On the other hand, regulation of APP processing via TV
3326 was confirmed to involve MAPK- and PKC-depen-
dent mechanisms!®”’ (Figure 3). Nevertheless, this neuro-
protective action of TV 3326 does not take place solely due
to its ChE inhibitory property, as propargylamine or rasagi-
line was also found to trigger the activation of ERK and
PKC and also mediate the release of sAPPo.!*) In cell cul-
ture, the release of sAPPa was found to be elevated by a

number of ChEIs including donepezil,'®”! ganstigmine,®®!

[89] 90] [91]

metrifonate, physostigmine! and  tacrine.

2] tacrine and

Nevertheless, at high concentrations,
phenserine®! can reduce the release of sSAPPo, which fur-
ther recommends that the regulation of APP processing via
ChEIs is not only connected to AChE inhibition. It is
assumed that multiple processes are involved with this
aforesaid phenomenon. For instance, in rats, ChEIs weak-
ened the Ap-triggered downregulation of PKC!**! and ele-
vated the levels of PKC in vitro.”*! Furthermore, donepezil
has the ability to promote the trafficking of a-secretase to
the membrane; therefore, it has the capacity to increase the
activity of a-secretase.!®’!

Like TV 3326, TV3279 acts as a ChEL; however, it does
not have MAO inhibitory effect and also found to exert
significant neuroprotective activity and APP processing,
which further recommending that the mechanism of
action is not dependent on inhibition of MAQ.!*”) These
findings are in line with the previous results, which is
providing strong proof that the neuroprotective actions
of rasagiline (i.e. the irreversible MAO-B inhibitor) and
TV 3326 are not dependent on MAO inhibition, rather
linked with various intrinsic pharmacological effect of the
propargyl moiety on the mitochondrial cell survival pro-
teins.!”®7%%>% It has been observed that propargylamine
can cause inhibition of MAO activity considerably less
than its abilities to induce anti-apoptotic and neuropro-
tective properties as well as regulating the processing of
APP (879 These aforesaid findings are further confirm-
ing that MAO inhibition is not essential to exert neuro-
protective effect by TV 3326.
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Figure 3 Anti-Alzheimer’s potentials of TV 3326 by regulating APP processing. In the amyloidogenic pathway, cleavages of APP by B- and y-sec-
retases lead to the genesis of AB peptides and AICD. In the non-amyloidogenic pathway, cleavages of APP by a- and y-secretases lead to the gen-
esis of p3 and AICD. TV 3326 enhances the non-amyloidogenic pathway of APP cleavage by enhancing o-secretase activity and reduced AR
formation by reducing amyloidogenic pathway by means of activating PKC/ERK signalling pathways. APP, amyloid precursor protein; sAPPa, sol-
uble APP alpha; sAPPB, soluble APP beta; aCTF, alpha C-terminal fragment; BCTF, beta C-terminal fragment; AICD, APP intracellular domain [Col-

our figure can be viewed at wileyonlinelibrary.com]

Antioxidant activity

In the pathogenesis of AD, OS is found to be arbitrated by
ROS triggered by AB."”?) It is known that hydrogen per-
oxide (H,0O,) is one of the major ROS which is generated
during the redox reaction. In addition to this, H,O, is
regarded as a messenger in case of intracellular signalling
cascades, for instance, cellular proliferation and metabo-
lism.[1°%1°1 On the other hand, H,O, has the ability to
cause DNA damage and lipid peroxidation, therefore, can
trigger apoptosis in multiple cell types.'®>'**/ A number of
proofs recommend that activation of BuChE and AChE
may be associated with H,0O,-associated apoptosis.[los’mﬂ,
Indeed, in Alzheimer’s, these aforesaid associations in
between OS and the cholinergic signal can offer an addi-
tional therapeutic target for AChEILs. To protect the rat

PC12 cells against H,O, insult, the AChEls including huper-
zine A" and tacrine!'*® were found to be very effective.
In SH-SY5Y cells, it was found that TV 3326 has noteworthy
neuroprotective activity against the damage triggered by
H,0,.1°°) Furthermore, it has also been confirmed that TV
3326 exhibits its antioxidant effect via both direct free radi-
cal (i.e. generated in H,O,-treated cells) scavenging effects,
and also indirect effect via inducing the expression and
effect of cellular antioxidant enzymes including glutathione
reductase and catalase, which further recommending their
association in the cytoprotective effect of TV 3326.°¢!

In the H,O,-treated SH-SY5Y cells, TV 3326 was found
to increase the levels of mRNA expression of the antioxi-
dant enzymes including quinone oxidoreductase 1 (NQO1),
NADPH, peroxiredoxin 1 and catalase.!® Then again, it
has been observed from the study involving a high-density
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cytotoxic model of SK-N-SH neuroblastoma cells, which is
used in neuronal injury experiments as a potential ROS
source, ' that TV 3326 can trigger the levels of mRNA of
the same antioxidant enzymes.”>®’ It has also been confirmed
that NQO1 overexpression can induce neuroprotective
effects against multiple toxins in vitro, which is also recom-
mending its significant contribution in the CNS.!0%110l
Moreover, the activity of NQO1 was found to be closely asso-
ciated with the pathology of AD, which is suggesting that
elevating the activity of NQO1 might offer a neuroprotective
activity to treat neurodegenerative disorders.''" Interest-
ingly, it has been observed that TV 3326 has neuroprotective
activity against multiple in vitro and in vivo injuries, for
instance OS damage triggered either by glucose—oxygen
deprivation'**! or by 3-morpholinosydnonimine.'**!*?!

In an in vivo study, the protective action of TV 3326 was
found to be linked with its action against the OS. Therefore,
chronic treatment with TV 3326 before and after the strep-
tozotocin injection markedly decreased the changes in
astrocytes and microglia and averted the rise in a marker of
nitrative-OS, nitrotyrosine and the development of episodic
memory impairments of rats.®” This result also recom-
mends that these effects are the result of the combination
of effects of TV 3326 on glial and neuronal cells. On the
other hand, the capacity to exert partial suppression of ChE
can affect the episodic memory, as TV 3326 can cause inhi-
bition of ChE activity in the cortex of the streptozotocin-
induced AD rat model. In addition to this aforesaid find-
ing, it was also observed that no inhibition of ChE activity
was found to occur at the site of recognition, which was
found to be dependent on cholinergic activity in the hip-
pocampus. Therefore, due to the presence of distinct effects
(i.e. for instance antioxidant effect), the memory impair-
ments were found to be averted.®®! In addition to this, in
rat, rasagiline was found to have the capacity to elevate the
effects of antioxidant enzymes in the dopaminergic system
of the brain.!""*) The study on their peroxynitrite scaveng-
ing activity revealed that other propargylamine derivatives
also have antioxidant effects.!"*!

Conclusions

TV 3326 possesses multiple functions, and its use might be
beneficial to neurodegeneration with characteristics of
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